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BETTER TEXTBOOKS. 


BY DEXTER 8. KIMBALL, 
President of the Society. 


In all the discussion of this investigation of better methods 
of teaching, little has been said about textbooks, though per- 
haps there is no single item that could more profitably engage 
our attention. 

Lecturing as a means of imparting knowledge is admitted]lv 
an imperfect method, good lecturers are very rare and I fear 
becoming increasingly more so. Our greatest dependence is 
placed upon good textbooks and their use as a basis for reci- 
tation and laboratory instruction. It is admitted, of course, 
that a good lecturer is always an inspiring influence, but 
lecturing at best has limitations. 

Good, clearly-written and well-arranged textbooks are 
almost as rare as good lecturers. It is amazing what 
some experienced teachers will put into textbooks. The 
writer is reminded of a certain book on physics, written 
by an experienced teacher, that contained the following 
definition—‘‘A magnet is a piece of steel that has been 
treated in a manner to be described hereafter.’’ This is 
equalled only by this definition in another textbook—‘‘A 
washer is a circular piece of metal with a hole attached.’’ 
Now it is not contended that these are typical of textbooks in 
general, but it is true that our textbooks, as a rule, do not 
have the clear and lucid explanations that they should have 
and as are to be found in the best of such books that are in- 
tended to be used independently of a teacher. Our texts on 
the basic sciences, mathematics, physics, and chemistry are 
equally faulty in this respect. 

Again why should textbooks differ so widely in their method 
of approach to the subject. The number of textbooks, for in- 
stance, on mechanism, a basic subject that has made little 
fundamental progress since the day of Reuleaux is simply 
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astonishing. Many of our texts are too large for beginning 
courses. Many writers in their intense desire to exhaust the 
subject produce volumes so large that their very bulk dis- 
courages the student and furthermore, these large books are 
too expensive and add considerably to the cost of education, 
which already is very heavy. 

The writer is aware that he lays himself open to attack 
having written some textbooks himself and he remembers that 
Solomon (a writer of note) remarked, ‘‘Oh, that my adver- 
sary had written a book.’’ Apparently book reviewers existed 
in his day and their habits have not changed with the passing 
years. 

But seriously the writer would like to see some earnest dis- 
cussion of this most important phase of our work. Without 
doubt there is a great opportunity for improvement in the 
basic means of instruction. 














THE INSTITUTIONAL DIVISION AND ENGINEERING 
EDUCATION. 


F. L. BISHOP, 
Secretary, 8S. P. E. E. 


There have been many discussions and much written con- 
cerning the functions of the Institutional Division. It would 
seem to me that Dean C. E. Magnusson, during his term 
as Chairman of this Division in 1927-28, suggested a step 
which looks toward a more effective organization of this Divi- 
sion. His suggestion was that official representatives be ap- 
pointed in each institution who would serve during the year 
as contact agents between the Society and the institutions and 
that these representatives should in general be the delegates 
to the next annual meeting. Thus, if the officers of the Society 
or any committee desired to send a communication from the 
Society to its institutional members, there is an established 
representative in each institution who can present the matter 
to the proper persons; and conversely, if an institution de- 
sired to know the present trend in-regard to any particular 
feature of engineering education it can secure reactions from 
the different engineering schools through these representatives. 

In the original recommendation presented to the Council 
for the establishment of the Institutional Division, it was 
clearly brought out that there were two different types of 
problems in which the members of the Society are vitally in- 
terested—those which have to do particularly with teaching 
and the individual, and those which have to do, to a greater 
extent, with administrative problems. It was recognized that 
every administrative problem was bound up with good teach- 
ing. To separate them would be impossible since the object 
of college administration should be the promotion of effective 
teaching. 

The engineering colleges which are institutional members 
have been asked, through their presidents, to appoint official 
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representatives from the. institutions to the Society. A strik- 
ing fact brought out by an examination of the appointments 
is the number of these representatives who are elected by the 
engineering faculties. Thus they represent very distinctly, 
not only the administrative side of the institution, but par- 
ticularly the faculty. If these representatives are to be elected 
by their faculties it will make the Institutional Division truly 
representative of the engineering faculties of the country. 
It is obvious that such an organization, while it could discuss 
numerous problems at its annual meetings, can make a care- 
ful study of but one or possibly two problems in a single year. 

Under the direction of Dean C. C. Williams, a Vice-Presi- 
dent of the Society and Chairman of the Institutional Division 
this year, this organization is looking to the study of a specific 
problem for which a small appropriation from the funds of 
the Board of Investigation and Coordination has been made. 
Details of this proposed investigation will be published very 
shortly. 

The Institutional Division will now become an integral part 
of the Society and a vital factor in ‘‘developing, broadening 
and enriching engineering education.’’ 
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REVIEW OF THE REPORT OF THE BOARD OF INVES- 
TIGATION AND COORDINATION AS RELATED TO 
THE ENGINEERING SCHOOL AT THE UNI- 
VERSITY OF NORTH CAROLINA.* 


BY DEAN G. M. BRAUNE, 


When you were invited by our President to hold your 1928 
meeting in Chapel Hill it was my earnest and sincere desire 
that I should be entirely free from the responsibility of pre- 
senting any paper; I felt that my services would be of far 
greater value if directed towards the entertainment of our 
guests and assisting in providing for them a Southern wel- 
come. Dean Bishop thought otherwise however, and he has 
placed my name on the program. Now, the title of this paper 
is somewhat misleading, in that it would indicate that I was 
going to review that comprehensive fact-finding report of the 
Board of Investigation and Coordination. 

Far be it from me to assume any such great responsibility as 
the title of the paper would lead one to believe. I shall refer 
only briefly to certain points or suggestions that have been 
made by the Board, and about which some of us may enter- 
tain different opinions. 

The fact-finding report has been so comprehensive, that 
probably everything pertaining to engineering education has 
been investigated and the facts have been tabulated, very 
admirably, in a series of convenient reports which will prove 
of invaluable benefit to those engaged in engineering educa- 
tion. Because of certain remarks that I may make, and which 
might be regarded as a criticism of the report, I wish to ex- 
press the very highest praise of the excellent work that has 
been performed by the Board. The many facts concerning 
engineering education that have been gathered together jus- 
tify to the highest degree the money that has been expended 

* Presented at the 36th annual meeting of the 8S, P. E. E., University 
of North Carolina, June 27-28, 1928. 
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in making this investigation. However, certain important 
conclusions and suggestions that have been made by the Di- 
rector and his Board could have been, I believe, forecast 
independently of the facts that have been assembled. The 
first preliminary report of the Director, for instance, is a very 
excellent philosophical dissertation on engineering education, 
but those of us who know Mr. Wickenden feel convinced that 
he is eminently capable of presenting this preliminary report 
without recourse to the vast knowledge assembled by the fact- 
finding committees. 

The much debated question concerning the length of the 
curriculum has been settled, at least for the present, by the 
recommendation of the Board that the engineering schools 
adhere to the 4-year course. However, I do not believe that 
the facts as gathered could have been the determining factors 
in recommending a four year course rather than a five or six 
year course. A decision of this character depends somewhat 
on the training and the personal inclination of the Committee 
and probably could have been forecast in the early beginning 
of the investigation. 

Our engineering faculty at the University of North Caro- 
lina has been debating for several years the question of ex- 
tending our curriculum to five years. However, the decision 
to adhere to the four year course was not based on the recom- 
mendation of the Board, but was made because of certain 
practical reasons. The two chief reasons were: additional 
expense to the teaching budget, and a probable radical de- 
crease in student attendance. However, our idea of adding 
an additional year to the curriculum was assuredly not to 
inerease the technical content of the course but to provide a 
pre-engineering year for high school students who find great 
difficulty in adjusting themselves to the more rigid require- 
ments in an engineering school as compared to the high school 
period. It was to be considered somewhat in the nature of a 
transition year for the entering high school students, with the 
provision of course that the pre-engineering students should 
be under the supervision and control of the engineering fac- 
ulty. Incidentally the students would have received some 
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additional cultural training, but the controlling idea was to 
provide a transition period and also to improve greatly the 
selection of material for the engineering school. The advan- 
tages of a pre-engineering year as set forth above would apply 
more particularly to Southern institutions where the secondary 
education has not reached the higher level of instruction that 
would be found in many of the Eastern and Northern high 
schools. For these reasons, I believe the majority of our 
faculty was in favor of the pre-engineering year as judged 
from the standpoint of securing a more ideal engineering 
school ; but because of the practical objections as stated above 
the faculty as a unit did not favor the change. 

However, I do not believe that this question as to length of 
course has been finally settled, but that sometime in the not 
so distant future it will again be a lively point for discussion. 
From the practical standpoint of simply training students for 
specialized industries no doubt the shorter period is more 
advantageous, and probably this view point was given con- 
sideration by the Board members. 

With reference to a uniform engineering curriculum the 
Board in its second report expresses the opinion that 


‘‘Defense of engineering education as a unified process 
should not be mistaken as a plea for uniformity. There is 
no inherent reason why all engineering colleges should be or- 
ganized on the same plan or offer similar programs of studies. 
Standardized uniformity is sterile, but diversity makes for 
progress which is more often spread through experiment and 
example than imposed through mass movements.’’ (Second 
Report, page 12.) 

I agree wholly with these sentiments, but the statement has 
been somewhat nullified by the article on ‘‘ Engineering Cur- 
riculum,’’ by the Associate Director which was presented at 
the meeting in Maine and appeared in the September 1927 
JourNaL. I refer to that part of the paper under the cap- 
tion, ‘‘Curriculum Revision,’’ where a schematic curriculum 
is quite definitely outlined for a four year course. The author 
does emphasize very strongly that this curriculum as pre- 
sented or suggested is not a recommendation of the Board 
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but merely an outline to stimulate discussion among the 
various faculties. 

But nevertheless a number of faculties will surely accept 
this outline as a definite recommendation of the Board and 
attempt to design or revise their existing curricula to agree 
with the outline even to the decimal hours that are shown in 
the table. In other words, there will be a strong tendency 
towards a standardized curriculum among a large number of 
engineering schools, which is exactly contrary to the senti- 
ments of the Report of the Board which have been quoted 
above. With all due respect to the good intentions of the 
author I believe it would have served the purpose better if the 
subject matter had been paraphrased without the introduction 
of the exact stipulation of the hours per week. As the matter 
now stands this curriculum will be regarded and accepted as 
a definite standard recommendation of the Board—that is, 
the design of the curriculum has reached its final stage, at 
least for a number of faculties. 

The German and Austrian technical universities, and to 
some: extent the Swiss engineering schools, have standard 
engineering curricula. In fact, one may attend the school 
at Dresden for one semester, transfer to Berlin for the second 
term, then to Stuttgart for the third, to Carlsruhe for the 
fourth, and back to Dresden for the fifth semester where, if 
the student desires he may present himself for his first ex- 
amination, or Vor-priifung. If he desires he may continue 
this alternation during the second stage of the curriculum. 
This standardization permits one to visit the various schools 
and attend lectures of the experts in their particular calling. 
It is evident, however, that such a plan is not adaptable to 
our American institutions. 

Bulletin No. 12 of the Board of Investigation and Coor- 
dination presents a study of the cooperative method of edu- 
cation. It might be of interest to the Society to outline very 
briefly the method in vogue at the University of North Caro- 
lina. I wish to go on record that I am not a blind enthusiast 
on Cooperative Education. I can see the good advantages of 
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the system as well as certain disadvantages. To one who has 
spent a number of years in engineering practice, and who 
later in life enters the teaching field, it would appear self- 
evident to this person that there is a decided advantage for 
the student to spend part of his school period on outside en- 
gineering activities, performed under the partial guidance of 
an engineer-professor. 

Our method in North Carolina is somewhat similar to the 
one formerly employed at Harvard, but later discontinued at 
that institution. The main difference between the two meth- 
ods was that at Harvard the registration in the cooperative 
plan was voluntary, whereas at North Carolina it is compul- 
sory for all students who are working towards a degree. It 
would be extremely difficult to operate on any other basis. 

At the University of North Carolina the cooperative plan 
extends through the Junior year only, while the students of 
the freshman, sophomore, and senior years are full time resi- 
dent students. Under this plan the student’s participation 
in the University activities and his association with the gen- 
eral student body is curtailed to a very limited extent. The 
period of alternation is approximately of eight weeks dura- 
tion. The objective of the method is to provide an oppor- 
tunity for contact with the outside engineering activities 
during the school formative period, and to serve as a correc- 
tive measure for certain short comings that would not be ap- 
parent in the regular classroom work. 

In order to illustrate the latter objective I will cite cases 
of two students that occurred within the past year. 

Both of these students were excellent in their scholastic 
work, and had been elected to the honorary Phi Beta Kappa 
fraternity. One of the students was employed with a large 
corporation who demanded from the cooperating students the 
same loyalty and attention to duties as from their regular 
employees. During the first period of his employment, his 
services as shown by the report card of the superintendent 
were far from satisfactory, and the complaints were of such 
nature that they would not have been apparent in his regular 
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scholastic duties but could only have developed in connection 
with his outside work. ~The young man was advised about his 
shortcomings and told that the satisfactory performance of 
his duties while engaged on his outside work was equally as 
important as securing excellent scholastic grades. He showed 
himself amenable to suggestions and advice from his Dean 
and head of the department, and his later services with his 
cooperative firm were highly satisfactory. When questioning 
this young man concerning the greatest good that he had 
derived from his school work, he replied that the corrective 
measures employed during his cooperative training he con- 
sidered of inestimable value in his future career. 

The case of the second student was somewhat different. 
His report card also was unsatisfactory, but again the com- 
plaints were such that would not have developed in the regu- 
lar classroom work. The young man was very much dissatis- 
fied, and intimated that he would not return to his cooperative 
job. But after a number of discussions with the Dean and 
the head of his department he voluntarily took up his duties 
again and has shown a lively interest in his outside work and 
is performing his duties satisfactorily. 

Now, for these two young men their cooperative training 
will have been of inestimable value for their future life work, 
and the corrective measures that were employed could not 
have been accomplished in the regular scholastic training. 
Other similar cases could be cited. 

In the bulletin on Cooperative Education certain conclu- 
sions are given at the end of the report. When reading these 
from the standpoint of one who can see without prejudice 
both sides of the argument concerning the advantages and 
disadvantages of cooperative education, it appears to the 
speaker that the conclusions as stated are fair and unbiased 
and to some extent a reasonable endorsement of the coopera- 
tive system when applied with some sense of understanding. 

In the opinion of the speaker it would have been better to 
have eliminated the pro and con arguments that were given 
in parallel columns, since these could have been changed “ 
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libertum depending upon the enthusiastic approval or the 
prejudicial attitude of the participants in the discussion. 

To repeat again, I believe that the Board of Investigation 
and Coordination through its fact-finding committees: has 
performed a most excellent service for engineering education, 
and for my part I consider these various reports an extremely 
valuable addition to my library. 











SURVEYING, AN ORIENTATION AND MOTIVATION 
COURSE. 


BY L. 0. STEWART, 
Assistant Professor of Civil Engineering, Iowa State College. 


A recent investigation by the Society for The Promotion 
of Engineering Education in which several subjects of the 
civil engineering curriculum were ranked in the order of 
their importance by engineers suggests the thought that Sur- 
veying, which was placed at the top of the list, offers an 
opportunity for a real orientation and motivation course as 
well as a utilitarian course. 

It will be agreed, no doubt, that surveying is of fundamental 
importance to all branches of civil engineering. Few pro- 
jects can be initiated without some sort of a survey. The 
response to the Society’s questionnaire corroborates such a 
statement. In this discussion the author would indicate how 
the proper utilization of these basic relationships may be used 
to motivate and energize the students’ entire college course. 

Surveying seems to be adapted admirably to the purpose 
at hand. What could be more interesting than the accounts 
of the work of the early surveyors of the public lands, their 
hardships and their rough outdoor life! Right there we are 
bringing into play some of the boy’s (and the man’s) funda- 
mental instincts—his love of nature, his desire to emulate or 
hero worship, his combativeness, for those old time surveyors 
spent many hard days and sleepless nights awaiting the at- 
tacks of the Indians. And what young man can resist the 
romantic appeal of a railroad or highway survey in the tropics 
where the monkeys swing from tree to tree and chatter as 
they pass; or where vari-colored birds and beautiful flowers 
are a delight to the eye. Even a seemingly prosaic operation 
like the survey of a dusty highway becomes interesting if the 
student can be helped to visualize the completed road leading 
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on and on to new fields and vistas. Surveying, then offers a 
grand opportunity to direct the students’ wandering thoughts 
into interesting channels. 

But the interest while very important is not enough to make 
the course sufficient. The acts of an Oriental snake charmer 
or sword swallorer attract attention and hold one’s interest 
for a time. Unless the acts are recognized as worthwhile and 
similar to situations that will be met later in life the useful 
effect will not be very large. Here is the challenge to the 
teacher of surveying. The work should be presented in such 
a way that the students will recognize the presentation as 
true to life and worthwhile. Here there is danger that one 
may fall into error. If a situation is to be true to life it 
must be offered and developed as a truly representative field 
problem exactly as it would be (and must be later) done 
under field conditions. 

At this point the distinction and correlation between the 
theory and practice of surveying may be noted, for surveying 
is both an art and a science. The important consideration is 
that a good engineer or surveyor will not develop through a 
contemplation of trigonometry alone any more than he will 
from the mere manipulation of the transit or level. It is very 
true that the prospective engineer must understand his mathe- 
matics and know how to manipulate a transit. Those are his 
working tools. He should be led at once to the attack upon 
a real problem. 

The instructor should exercise extreme care, therefore, in 
his use of a manual which gives certain operations to be per- 
formed—much like a cook’s recipe book. Two defects of such 
a course should be noted: in the first place the important 
connection between an actual situation and the ‘‘set’’ problem 
is often missed entirely ; and secondly, the instructor is losing 
an excellent opportunity for tying in the surveying work with 
a later course in the curriculum. 

It would seem that the best plan to be followed by the in- 
structor would be to present all of his material in the form 
of real problems. An example will make the meaning clearer. 
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In an ordinary farm survey the Surveyor is usually called 
to determine the lengths and bearings of all courses and, prob- 
ably, the area. During that survey he will find it necessary 
to dodge obstacles on line, chain on offset lines, run random 
lines, chain on slopes, and the like. Those are fundamental 
operations which the student should understand. It seems 
likely that he will retain a more lasting impression of the 
random line, for example, if he meets it on such a problem 
than he will if given the ‘‘set’’ exercise of finding the distance 
between two points on an obstructed line. The difference is 
small, seemingly, but it is important. 

Furthermore, the use of real problems offers an invaluable 
opportunity for reaching forward with the student’s thoughts 
toward the later and more ‘‘meaty’’ courses of the curriculum. 
Much of his impatience during the first two years may be the 
fault of poor ‘‘forward connections.’’ He feels that he is 
wasting his time. Surveying offers an ideal opportunity for 
keeping him busy with the present problem which he should 
be led to recognize as the kernel from which will grow his 
later courses. The design of a reservoir and dam in the senior 
year will be the culmination of a properly directed topographic 
survey in the sophomore year. The design of a bridge will 
follow a topographic and hydrographic survey in which at- 
tention was directed toward that later use. 

It is true that we must not lose sight of the importance of 
manipulative skill. No one, scientist, artist, or artisan, can 
complete his work satisfactorily without mechanical skill in 
the use of his tools. But a proper educative process should 
emphasize the end and not the means to that end. In the case 
of Surveying the students will show a greater interest, and a 
correspondingly better progress, if they are faced with a real 
job at the beginning. The increased interest in the problem 
as a whole will lead them to a more intensive and efficient use 
of the instruments at hand. 
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REPORT ON FUTURE ORGANIZATION AND 
ACTIVITY.* 


BY W. E. WICKENDEN, 


Director of Investigation. 


Foreword.—The Board of Investigation and Coordination 
inherited from an earlier Development Committee the problem 
“What can the Society do in a comprehensive way to develop, 
broaden and enrich engineering education.’’ The Society had 
made a notable record of thirty years as an association of in- 
dividuals but the limitations of individual effort were in- 
creasingly apparent. Its leaders sensed the need of increas- 
ing the resources of the Society and enlarging functions so as 
to promote more effectively the common interests of the col- 
leges, stimulate them to a concerted attack upon their prob- 
lems and bring them into more active relations with the 
engineering profession and the industries. The Development 
Committee, having found no ready made solution of this 
problem, recommended the establishment of the Board as an 
autonomous agency to work out experimentally a larger 
program for the Society. 

In anticipation of a permanent plan, the Society adopted in 
principle at its Orono meeting t the recommendation of the 
Policy Committee and the Council for the creation of an In- 
stitutional Division, to concern itself with matters of primary 
interest to institutions or schools as such and to be coordinate 
with the Division of Individual Members, and for a central 
organization to continue and extend the activities which have 
been developed by the Board of Investigation and Coordina- 
tion on an interim basis. It was proposed that this central 
organization when fully worked out should include a Board 
of Direction, a permanent staff organization, a joint liaison 

* Presented at the Chapel Hill Convention, June, 1928. 

+ Minutes of the Orono Meeting, JourRNAL oF ENGINEERING Epuca- 
TION, September 1927, pp. 91 and 101. 
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board with the engineering profession and industries and an 
endowed Foundation for Engineering Education. At the 
present stage of transition it seems appropriate to consider 
what permanent activities may grow out of the work of the 
Board and to suggest a more detailed plan of interrelation 
under which it is believed that the major divisions of the So- 
ciety and a permanent staff organization can work most ef- 
fectively. 
I, GENERAL POLICY 


Backgrounds.—Viewed in historical perspective, the present 
effort of the Society to extend its corporate functions is a 
normal evolutionary development and not a reversal of policy. 
The Society was a pioneer among the group of organizations 
which foster the special interests of the several divisions of 
higher education. Coming into the field early, in a day when 
education was still dominated by individual interests and 
traditions, it operated at the outset more largely as a medium 
of conference and personal association than as an agency of 
collective action. From 1893 on, and partly through the in- 
fluence of the Society, engineering education began to out- 
grow the extreme individualism incidental to the pioneer 
period of its development. Since the turn of the century an 
increasing sense of need for a closer community of interest 
and effort has been reflected in the actions of the Society. In 
1907 it invited a group of engineering societies to join with 
it in an extended inquiry into all branches of engineering 
education, which was later taken over by the Carnegie 
Foundation for the Advancement of Teaching. In 1923 the 
Society again sensed the need for collective effort and under- 
took to organize a comprehensive project of investigation and 
betterment which in this instance it carried out under its own 
direction with financial aid from the Carnegie Corporation 
and other donors. A further significant step was taken in 
1927 when the Society instituted its Summer School as a 
major service activity. These steps testify to a rising desire 
and capacity among engineering educators for collective 
action. 
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The Present Task of the Society.—The past influence of 
the Society has been greatest in realms of individual respon- 
sibility, less in realms where institutions rather than indi- 
viduals are primary units of action, and least in realms where 
the common interests of engineering education are involved 
with those of the educational system, the engineering pro- 
fession and the industries. The present task is to bring these 
three types of activity into a good balance. It seems clear 
that the most urgent problems now before us lie largely out- 
side the realms of individual effort. The town-meeting form 
of government by direct action of individual citizens suffices 
in small and self-contained communities, but fails in crowded 
and inter-related areas. If self-government in engineering 
education is to continue, as we hope, it needs more than a 
town-meeting form of organization. 

The country is now well covered by engineering colleges 
and the need is not so much for more colleges or more easily 
accessible colleges as for better ones. The relation of these 
colleges within the educational system has passed beyond the 
stage of a purely local problem. We need to protect and pos- 
sibly to readjust our relations within the general plan of uni- 
versity organization, also with the secondary schools, junior 
colleges, arts colleges, and colleges of business administration. 
We need to create a better balance between the more extended 
and the more intensive types of technological education. We 
need to define and strengthen our relations with the engineer- 
ing profession, which can no longer maintain a casual atti- 
tude toward the sources from which it derives four-fifths of 
its recruitment. Changes in the attitude of industry are 
equally significant, as it substitutes the orderly processes of 
science for sporadic invention and turns away from the casual 
and wasteful process of natural selection to the deliberate re- 
cruitment and nurture of its future leadership. 

Furthermore, it is evident that we must seek for major bet- 
terments in engineering education largely through better 
educational use of the early years after college where, if we 
are to work at all, we must share the field with the organized 
profession and the employing industries. The cooperative 
11 
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programs for graduates recently organized by certain urban 
institutions indicate how large an area of initiative is open to 
individual colleges, but if the majority of our colleges which 
are remote from great industrial centers are to have any share 
in this movement for the extension of engineering education, 
as they should, they must do so largely through some collee- 
tive relationship. 

Means to These Ends.—The immediate task of the Society, 
to which the work of the Board has been an experimental ap- 
proach, is to establish permanent agencies to foster the cor- 
porate as well as the individual interests of engineering edu- 
cation. For these purposes the Society needs larger resources 
than are provided by its current dues and more than oc- 
casional volunteer service. It seems clear that we have largely 
exhausted the possibilities of progress through the pooling of 
individual judgments. Fruitful action must be predicated on 
full knowledge of the relevant facts, must be guided by expert 
research and must have in view the interests of all the parties 
affected. It must proceed largely through controlled experi- 
mentation with a careful check-up and prompt reporting of 
the results. Progress may also be stimulated through fre- 
quent comparisons between our educational practices and 
those employed in other countries and through personal con- 
tact and reciprocity with their educators and engineers. In 
order to render these services to its constituency the Society 
needs the permanent services of a staff organization to direct 
its program of fact-finding, research and experimentation, to 
carry out its educational service activities and to maintain 
an active coordination of interests with other educational 
bodies, the organized profession and the industries. These 
services need to be closely integrated with the activities of the 
individual and institutional members of the Society. 


II. PLAN OF ORGANIZATION 


The interests and activities to be provided for fall naturally 
into four groups: 
1. Interests in which the individual educator is the primary 
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unit of action and which may be promoted effectively by an 
association of individuals; 

2. Interests in which the school or college is the primary 
unit of action and which may be promoted effectively by an 
association of institutions; 

3. Interests which concern the Society at large and apper- 
tain to its administrative organization ; 

4. Interests in which the Society can be served effectively 
by a staff organization for research, service and coordination. 

This analysis coincides with the plan of organization which 
the Society is now developing. The following sections are 
intended to suggest the general possibilities of this plan of 
organization and, in particular, to indicate how a staff organi- 
zation can be coordinated with the other divisions of the 
Society. 

The Division of Individual Members.—It would be in har- 
mony with the past policy of the Society to keep this division 
as completely democratic as possible, by opening its member- 
ship on equal terms to all interested persons without distinc- 
tion, by keeping its membership dues as low as the service 
given will permit and by multiplying local and regional units 
of organization as means of bringing the Society nearer to 
the interests of its scattered membership. There should be 
a forum for discussion, a journal for publication and frequent 
opportunities for personal fellowship. As far as practicable 
common and equal interests in realms where the initiative is 
primarily personal should be cultivated. Leadership should 
go with strength of personality, resourcefulness and soud ex- 
perience, irrespective of rank. Emphasis should be given to 
the opportunity afforded by this division for young men to 
distinguish themselves before a jury of their seniors, their 
juniors and their peers. Applying these tests, the following 
appear to be the principal fields of interest and activity for 
this division : 

The aims, ideals and philosophy of education; 

The science and art of teaching; 

Methods of measuring and ranking educational achieve- 
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Personal relations of teachers and students; 

The professional status, welfare and ethics of teachers; 

The objectives, content and order of specific subjects; 

Departmental interests within curricula. 

The more creative work of the division should be done 
through an active national committee organization. The 
writer strongly favors the plan of maintaining a moderate 
number of live committees, each charged with a fairly ex- 
plicit project of research or problem of policy, rather than a 
large group of committees with purely permissive duties and 
for the most part inactive. The staff organization should be 
free to propose projects for committee work and committees 
should be free to enlist the aid of the staff in financing and 
executing their projects when special resources and services 
are required. In general, however, the division should func- 
tion autonomously and should not look to the staff organiza- 
tion for the executive direction of its committee work. 

In the appendix which follows there are included as an 
exhibit a list of suggested committees and a series of typical 
project assignments. The possible range of work is so wide 
that it would probably be desirable to make a limited selec- 
tion for any single year’s program. 

The Division of Institutional Members.—This division 
should serve as an agency for collective action by the engineer- 
ing colleges. Three broad functions appear to fall naturally 
within its scope: 

1. Recognition of the status of schools and colleges of en- 
gineering through qualifying standards for institutional mem- 
bership. While it may be assumed that the division of in- 
dividual members will remain open on equal terms to all in- 
terested persons, an institutional division may properly be 
more selective. There appears to be no occasion or desire for 
a rigid standardization of engineering education or for any 
system of rating of schools on a scale of supposed excellence. 
On the other hand reasonable qualifying requirements for in- 
stitutional membership would be justified as an aid in pro- 
tecting educational standards, in exercising moral suasion on 
weak and marginal institutions, in deterring institutions from 
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entering the field of engineering education without adequate 
resources, and in guiding the public to discrimination be- 
tween substantial institutions and those of dubious merit. 
There is still need for expansion in the broad realm of tech- 
nological education, but it lies chiefly in other areas than that 
of professional preparation. The present engineering col- 
leges have no claim to a patent of monopoly, but public in- 
terest would seem to favor some measure of ‘‘birth control’’ 
so long as other types of technological education remain under- 
developed. Whatever qualifying standards are set up, how- 
ever, should not be so rigid as to hamper educational progress 
by stifling experimentation or other truly progressive move- 
ments. 

As soon as joint action can be obtained, the qualifying 
standards of the institutional division should be coordinated 
with the standards of recognition employed by the national 
engineering societies in the administration of their member- 
ship regulations. 

Without prejudging the issue in any way, it seems fitting 
to suggest that careful consideration should be given to the 
question of inclusion or recognition for other categories of in- 
stitutions than engineering colleges, such as arts colleges with 
a concentration group in engineering sciences or with co- 
ordinated pre-engineering curricula, junior technical colleges, 
schools and colleges of industrial arts, non-collegiate technical 
institutes, corporation schools for engineering graduates, and 
the like. 

2. Coordination of the interests of the engineering colleges, 
as a group, with other group units in the general educational 
system, including (1) preparatory institutions, (2) non-en- 
gineering colleges, (3) accrediting agencies, (4) state and 
federal boards and bureaus of education and (5) national 
educational organizations. There is an especially urgent need 
of better understanding with preparatory institutions, both 
secondary schools and junior colleges, and with the public 
educational authorities which control their curricula and 
standards, with a view to an effective adjustment between 
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preparatory and engineering studies. The present trends, 
incidental to a change of objectives from intellectual discipline 
to ‘‘adjustment to life situations,’’ often operate adversely to 
engineering education. We have an interest in safeguarding 
certain preparatory subjects and in improving the effective- 
ness of educational guidance. There are many signs that a 
re-allocation of time and content between secondary and 
higher education is in process. Shall we accept the result 
passively, or exercise a due measure of influence on construc- 
tive lines? The present influence of engineering educators in 
these realms, acting as individuals, is fairly negligible, whereas 
the colleges might accomplish much through collective action, 
especially if the sympathetic cooperation of organizations 
representing the secondary schools and junior colleges can be 
enlisted in joint efforts. We need also to negotiate a basis of 
comity with the colleges of business administration, defining 
the responsibilities of each group in areas of common interest. 

3. Inquiries and experimental projects relating to educa- 
tional practices, and recommendations to the colleges based 
on the results. These projects should be selected from fields 
in which the institution, rather than the individual teacher, 
is the normal unit of action. Personnel practices dealing 
with admissions, orientation, remedial measures, record sys- 
tems, occupational placements and the like are especially ap- 
propriate for cooperative inquiry and experimentation. The 
relations of engineering curricula to the general plan of uni- 
versity organization, the general structure and major group 
requirements of curricula, the forms of degrees for resident 
studies, the basis of award of professional degrees, matters of 
costs, fees, and financial resources, the qualifications to be re- 
quired of teachers and the means of their development, and 
the coordination of college studies with subsequent education 
are highly appropriate realms for inquiry and recommenda- 
tion by a division of institutional members. 

The institutional division will presumably function through 
designated representatives of the member institutions. If 
thought advisable, provision may be made for subordinate 
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groupings by types of institution or by some regional plan. 
The principal activities, however, will probably be carried on 
through national committees. As in the plan suggested for 
the division of individual members, a system of explicit 
project assignments would probably assist in making the work 
of these committees effective. The staff organization should 
be free to suggest appropriate projects and the several com- 
mittees should be free to enlist the aid of the staff in financing 
and executing their projects whenever special resources are 
required. In general, such projects as involve a continuing 
coordination between the engineering colleges and other edu- 
cational, professional or industrial organizations should be 
handled as joint activities of the institutional division and the 
staff organization. In other respects the institutional division 
should function autonomously and should not look to the staff 
for the executive direction of its committee work. 

The appendix which follows as an exhibit contains a sug- 
gested list of committees and a series of illustrative project 
assignments. The possible scope of the work is so great that 
it might be advisable to select a few of the more urgent ac- 
tivities for the first year and extend the work as the division 
gains headway. 

The General Administrative Organization.—The normal 
functions of the president and treasurer are so well defined 
as to need no comment. It would seem appropriate to dele- 
gate the administrative headship of the individual and insti- 
tutional divisions to respective vice-presidents, under each of 
whom autonomous organizations might be set up. The fol- 
lowing administrative functions pertaining to the Secretary’s 
office are well established : 


Keeping records of the Society’s membership ; 

Keeping records of the Society’s activities; 

Handling of routines in the election of members; 

Editing and circulation of current publications; 

Arrangements for general meetings; 

Contacting with other organizations with which the Society 
has administrative relationships. 
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With the Society functioning through two coordinate di- 
visions, a staff organization and local and regional sub- 
divisions, it would seem to be advantageous to place the gen- 
eral coordination of its activities and the conduct of its 
routine general business under an executive board of man- 
ageable size, including the general officers and some members 
at large. The Council, including as at present all past presi- 
dents and representative groups of term members, would 
properly continue to discharge the legislative functions of 
the Society, receive and consider the reports of its officers, 
authorize its budget, audit its accounts, appoint nominating 
committees, confirm the election of members and fix the time 
and place of all general meetings. Subcommittees concerned 
with current administrative functions would normally be 
responsible to the executive board, while committees con- 
cerned with such collateral functions as the Lamme award 
might well report to the Council. 

Staff Organization and Functions.—The principal fune- 
tions of the staff organization would lie outside the realm of 
the executive direction of the Society and may be classified 
broadly as: 

Research functions ; 
Service functions; 
Liaison and coordination functions. 


The plan of development adopted by the Society on the 
recommendation of the Policy Committee provides that the 
primary source of financial support for staff activities shall 
be an auxiliary Foundation for Engineering Education. 
While no formal measures have been taken, it has been sug- 
gested that the financial administration of the Foundation 
should be under separate fiduciary and executive bodies, the 
one to act as trustees for principal funds and the other to 
direct the expenditure of current funds. It has further been 
suggested that the executive body should include the executive 
board of the Society or representatives selected from its num- 
ber, representatives of the national engineering societies, and 
possibly representatives of national industrial organizations. 
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There are several reasons which seem to make it advisable 
for the staff organization of the Society to be directly respon- 
sible to an executive board which would combine the present 
functions of the administrative officers and the Board of 
Investigation and Coordination. It is desirable to minimize 
executive machinery and avoid overlapping functions. The 
interrelations of the Foundation and the Society, as proposed 
in the above plan, make a clear and simple line of authority 
desirable. Furthermore, a close tying-in of the staff func- 
tions with those of the principal divisions of the Society would 
be facilitated by a common coordinating authority. It would 
be a distinct advantage to have the staff organization act on 
authority derived directly from the Society in all its relations 
with other organizations. The same principle holds for 
the authorization of such major service projects as the sum- 
mer schools. 

The staff organization should consist of a small, semi- 
permanent nucleus for direction and service and of part-time 
and limited-term appointees on specific assignments. The 
staff should be responsible to a director named jointly by the 
Society and the Foundation. The auxiliary members should 
be drawn, for the most part, from the active teaching and ad- 
ministrative forces of the engineering colleges. This plan 
would serve equally to increase the contact between the staff 
and the active forces of the colleges and to broaden the con- 
tacts and experience of men drawn for part-time or temporary 
service from teaching ranks. 

The activities of the staff would be partly autonomous and 
partly in active cooperation with committees of the major 
divisions of the Society, subject to the review of plans and 
budgets and their approval by a general executive board. It 
would be a large part of the duty of the staff to enlist the 
cooperation of colleges, educational organizations and founda- 
tions, professional societies and industries in the support and 
conduct of joint projects of research and betterment relating 
to engineering education. To perform these functions ef- 
fectively the staff should have assured funds to cover all 
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overhead expense, all routine services, and, in addition, a 
substantial part of the expense of its major research and 
service functions. These conditions are necessary for long- 
range planning and to enable the staff to assume the costs and 
risks of initiative in proposing cooperative projects to col- 
leges, professional societies and industrial organizations on a 
basis of fair equality. Experience has plainly shown the dif- 
ficulty of raising overhead expenses and general funds through 
current contributions, whereas it has been possible to enlist 
schools and other agencies in cooperative projects in which 
they have a direct interest on the basis of hour for hour of 
service and dollar for dollar of expense. 

It is recognized that adequate support for staff services is 
beyond the capacity of the Society to provide through cur- 
rent dues. Such funds as the colleges might provide can be 
used better for local participation in research and betterment 
projects than for the overhead expense of a staff organization. 
While it is necessary to seek a term grant or an endowment, 
the revenue from this source may properly be somewhat less 
than the projected scale of expenditure, the remainder to be 
obtained by enlisting the cooperation and support of other 
agencies. It is highly desirable that all the research and bet- 
terment projects fostered by the Society shall pass the fairly 
severe test of definiteness of aim and promise of value which 
is entailed in enlisting such cooperation and support. This 
test should apply equally to all projects proposed to the staff 
by the committees of the Society. A fair degree of compe- 
tition between committees for material aid and service from 
the staff organization might be a wholesome stimulant. 

The possible scope of the research and service projects which 
might be undertaken by a staff organization is so wide that it 
has seemed best to outline a suggested program for the early 
future as an exhibit in the appendix, rather than to expand 
the subject in the report itself. A single item may be selected 
for special comment. It is highly desirable to place the Sum- 
mer School for Engineering Teachers on a permanent basis as 
a major service function of the Society. The sessions of the 











nd 
ng- 
nd 
ol- 
na 
lif- 
igh 


ich 
of 


3 is 
ur- 


ent 
on. 
nt, 
less 

be 
her 
et- 
rly 
ich 


‘ich 
t it 
rly 
and 
ted 


3 as 
the 





REPORT ON FUTURE ORGANIZATION AND ACTIVITY 173 


school afford a notable opportunity for active teachers of 
engineering and related sciences and for experts in educa- 
tional methods to collaborate in attacking the problems of 
teaching and in mapping out cooperative projects of inquiry 
and experimentation to be followed up as continuation ac- 
tivities. It seems expedient to keep the administrative han- 
dling of the Summer School and related projects in the hands 
of one member of the staff, in order that there may be con- 
tinuity of policy, long-range planning, enlistment of cooper- 
ation from other bodies, and effective follow-up of the con- 
tinuation projects. It is highly desirable, however, that there 
should be a close link between this staff activity and the So- 
ciety’s membership. One way to accomplish this end would 
be to name a departmental committee for each subject on 
which a session of the Summer School is held to advise with 
the staff on advance arrangements and to cooperate actively 
with the staff in carrying on the continuation activities. De- 
partmental committees should be encouraged to propose to 
the staff that sessions of the School be held in their respective 
fields and to canvass the preliminary work which may be 
needed in advance. Actual decisions as to the sessions to be 
held from year to year should be made by the executive board 
of the Society, on recommendation from the staff. 

The staff organization should be looked to for the coordina- 
tion of the interests of the Society with those of other educa- 
tional bodies and of professional and industrial bodies wher- 
ever a functional rather than a purely administrative 
relationship is involved. For example, any research projects 
on student personnel problems which the Society may under- 
take should be coordinated with the related projects of the 
American Council on Education through the staff organiza- 
tion, while relations incidental to the membership of the 
Society in the Council should pass through the administrative 
organization. 


III. CONCLUSION 


The desired betterments in engineering education can not 
be achieved through any swift revolution, but must come 
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through gradual evolutionary processes. The problem is to 
accelerate these processes and to bring them under a due 
measure of control. The work which the Society proposes 
can be made effective only through a wide distribution of 
initiative combined with centralized cooperation. This prin- 
ciple gives the key to the relations which should exist between 
the staff, the general divisions of the Society and its individual 
and institutional membership. Scattered and intermittent 
effort in the absence of broad vision and comprehensive policy 
will inevitably limit progress to the realm of details. Under 
ideal conditions readjustments in educational practices would 
anticipate changes in educational needs, rather than follow 
them tardily and imperfectly. This ideal is frankly Utopian, 
yet it is one toward which we should press as closely as we 
may. In doing so we shall need to strike a fine balance be- 
tween collective effort, which at one extreme hardens into a 
deadening bureaucracy, and individual effort which disin- 
tegrates into chaos at the other. Michael Pupin, a distin- 
guished engineering educator turned philosopher in his mel- 
lower years, has pointed the way to the middle course in his 
suggestive phrase ‘‘creative coordination,’’ which would serve 
the Society as an excellent motto for its coat of arms. 


APPENDIX 
SUGGESTED COMMITTEES AND TYPICAL 
ASSIGNMENTS 
I. ADMINISTRATION 
Committee Function or Assignment 
Executive Board To supervise and coordinate 


the activities of the several 
divisions of the Society. 
Sub-committees on: 
Publications 
Meetings 
Sections and Branches 
Finance and Budget 
Staff Activities 
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Council 


Policy Committee 

Committee on Lamme 
Medal Award 

Nominating Committee 


Legislative action and super- 
vision of elections. 


II. Drviston or Inpivmvat MemMBErRs 


Committee 


Membership 


Aeronautics 


Agricultural Engineering 

Architectural Engineering 

Chemical Engineering 

Chemistry 

Civil Engineering 

Drawing and Descriptive 
Geometry 


Economics and Engineer- 
ing Economy 


Electrical Engineering 


English 


Function or Typical Assign- 
ment 

To promote membership 
among individuals. 

To make a study of prospec- 
tive occupational require- 
ments and _ educational 
needs. 


To make a study of time 
economy in learning se- 
lected phases of the sub- 
ject. 

To make a study, with the 
cooperation of the staff, of 
the uses of case materials 
in teaching, their sources 
and methods for their col- 
lection and distribution. 

To carry out, in cooperation 
with the staff, a cooperative 
trial of a comprehensive 
examination. 








Industrial Engineering 
Industrial Relations 


Materials of Engineering 
Mathematics 


Mechanical Engineering 


Mechanics 


Metallurgy a 
Mining Engineering 
Modern Languages 
Physies 


Professional Status and 


History and Government 
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To cooperate with the staff in 


a project for the prepara- 
tion of a treatise to set 
forth the influence of scien- 
tific discovery and tech- 
nological advance on mod- 
ern history and _ social 
institutions. 


To make a study, with the 


cooperation of the staff, of 
the materials appropriate 
for teaching this subject to 
engineering students. 


To make an inventory, with 


the cooperation of the staff, 
of the usage of the subject 
in the upper years of engi- 
neering curricula and in 
current engineering prac- 
tice. 


To cooperate with the staff in 


the advance planning’ of a 
session of the Summer 
School and continuation 
projects. 


To carry on the continuation 


projects of the mechanics 
sessions of the Summer 
School. 


To carry on the continuation 


projects of the physics ses- 
sion of the Summer School. 


To make a study of the pro- 
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Welfare of Teachers fessional practice privileges 
of engineering teachers. 
Technical Nomenclature To continue the work of the 


present committee. 


IlI. Division or INstiruTiIonNAL MEMBERS 


Committee Function or Typical Assign- 
ment 

Institutional Membership To propose regulations to 

govern the admission of in- 

stitutional members: to 

consider what categories of 

membership, if any, are 

desirable; to seek coordi- 

nation of accrediting regu- 

lations with national engi- 

neering societies; and to 

recommend action on ap- 

plications from  institu- 


tions. 
Relations with Secondary To enlist cooperation of sec- 
Schools ondary schools through a 


joint committee to study 
the ability of the second- 
ary schools to offer the pre- 
paratory studies which lead 
up to engineering; to ad- 
vise on standards of 
achievement and methods 
of testing as a basis of ad- 
mission by certificate; and 
to propose methods 
whereby deficits in pre- 
paratory education may be 


made up. 
Sub-committee on Relations To cooperate in a joint com- 
with Technical High mittee on coordination of 
Schools curricula and on advance 
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Relations with Non-Engi- 
neering colleges: 
a. Sub-committee on Re- 
lations with Junior 
Colleges 


b. Sub-committee on Re- 
lations with Arts 
Colleges 


c. Sub-committee on Re- 
lations with Colleges 
of Business 


Personal Practices: 


a. Sub-committee on Ad- 
missions 


b. Sub-committee on Or- 
ientation and Stu- 
dent Adjustment 
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credits for shop practice, 
drawing, ete. 

To coordinate the work of 
sub-committees : 

To enlist the cooperation of 
junior colleges through a 
joint committee to study 
pre-engineering curricula 
for junior colleges and 
transfers of credits. 

To enlist the cooperation of 
the arts colleges through 
a joint committee to pro- 
pose a basis of transfer of 
credits and of admission to 
advanced standing in engi- 
neering curricula. 

To enlist the cooperation of 
the colleges of business ad- 
ministration in a _ joint 
committee to propose de- 
limitations of responsibility 
in realms of joint interest 
to the two types of institu- 
tions. 

To coordinate the work of 
sub-committees : 

To review methods of selec- 
tion or classification of en- 
tering students according 
to aptitudes or prospects of 
survival in college and to 
initiate cooperative experi- 
mentation in search of bet- 
terments. 

To make a study of methods 
of orientation and person- 
nel supervision for engi- 

neering freshmen. 
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c. Sub-committee on Per- 
sonnel Records 


d. Sub-committee on Em- 
ployment and Place- 
ment 


Curricula 


Degree Practices 


Costs and Fees 


Post-graduate and Post- 
Scholastic Education 
12 


To make studies and recom- 
mendations on personnel 
record systems. 

To make a study of the place- 
ment of prospective grad- 
uates and to propose meth- 
ods of procedure to em- 
ployment representatives. 

To make a study of the prac- 
ticability of introducing a 
dual scheme of functional 
options, one primarily tech- 
nical and the other giving 
more emphasis to matters 
of economy and manage- 
ment, in all major profes- 
sional curricula. 


To recommend a policy con- 


cerning the forms of de- 
grees appropriate for work 
done in residence, both 
undergraduate and post- 
graduate; to enlist the co- 
operation of the national 
engineering societies in 
recommending a basis of 
award of professional de- 
grees under joint sanctions. 


To study, with staff and 


actuarial assistance, the 
practicability of making 
tuition charges correspond 
more closely to actual costs 
of instruction through a 
form of deferred annuity 


payments. 


To consider how, under pres- 


ent conditions, the contin- 
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uation of systematic educa- 
tion during the early years 
after graduation may best 
be promoted and the part 
of the colleges therein. 
Qualifications and Develop- To consider what academic 
ment of Teachers qualifications and what 
professional experience and 
credentials should nor- 
mally be required for full- 
time appointments. 
Research To consider how the indus- 
tries and the colleges may 
best cooperate in the de- 
velopment of the research 
activities of the colleges. 


IV. Starr ORGANIZATION 


The following projects are either in process or are under 
consideration for the early future: 
The Summer School for Engineering Teachers and con- 
tinuation projects 
Electrical Engineering Session, 1928 
Physics Session, 1928 
Mechanical Engineering Session, 1929 
Investigation of non-collegiate engineering education 
Industrial requirements 
Educational practices abroad 
Present educational practices and results in America 
Investigation of instruction in shop practice and industrial 
technology 
Investigation of deferred tuition payments under an an- 
nuity contract 
Investigation of methods of selection or guidance of enter- 
ing students 
Investigation of facilities and methods for extending engi- 
neering education during the early years of practice 
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Inventory of usage of higher mathematics in engineering 
curricula and practice 

Preparation of a manual of information on engineering 
education and the engineering profession for teachers 
of occupations, vocational counsellors, etc. 

Preparation of a treatise on the influence of scientific dis- 
covery and technological advance on modern history 
and social institutions 

Preparation of case materials on engineering economy 

Publication of monographs on educational principles and 
methods. 

Discussion. 


Dean Hughes: Mr. Chairman and Gentlemen, as your chair- 
man has said, I did not get this paper until a few hours ago, 
and I am somewhat overwhelmed by the large number of 
important suggestions that have been made. They touch at 
the very root of our engineering educational policy and prac- 
tice. 

The first thought that came to me as [ read this paper was, 
Who would have time to do the work of the Institutional 
Committee if such a scheme were attempted; for it is so far- 
reaching and extensive as to raise both obstacles and objec- 
tions, 

Institutions and professors are both highly individual, which 
is a most desirable situation; and while there is much that is 
common in our problems, there are many policies and prac- 
tices which have to be determined by local conditions. When 
such a sweeping project is proposed, the question is auto- 
matically raised as to whether any general agreement upon 
these vital matters can be had in committee, and, if so, how 
effectively can any such agreements be carried out. The 
Board has done admirable work in collecting facts, in pointing 
out our weaknesses or our strength, and then leaving intia- 
tive to the schools. This, I think, is as far as we should go as 
a society. 

Consider the proposition about institutional membership. 
All executive officers have serious difficulties in the evaluation 
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of the previous studies of students transferring from other 
engineering colleges, and from arts colleges; and likewise in 
comparing institutions. You must be brave, and you will 
run the risk of hard feelings, if you tell a student that his 
previous course of study is not as satisfactory from your 
standpoint as if he had taken it in your institution; and yet 
in many cases that is true. The chairman of such a committee 
would have a turbulent existence. Certain professional 
schools, it is true, do limit their admission to graduates who 
rank in the upper quarter, or third or what not, of the gradu- 
ates of ‘‘selected colleges.’’ Have you tried to get their 
lists? Certain educational foundations have classified col- 
leges and professional schools to the betterment of education 
in general; but it has been a trying process. I doubt most 
seriously whether this society can classify the engineering 
schools of this country without running the risk of doing more 
harm than good; we may however suggest a minimum re- 
quirement for the first degree in engineering. 

The second suggestion seems to me of relatively small im- 
portance in the large; for I have knowledge of the content of 
secondary-school programs in both public and private schools 
of a great variety in widely scattered places, and have had 
students from such schools. There must, of course, be real 
grounds for such fears; or they would not be mentioned. 
Such conditions, when they exist, should be handled locally. 
A committee can do little beyond saying to the high school 
principals that boys planning to study engineering must have 
a certain preparation in mathematics. I strongly favor as 
broad a training as possible in literature, history, science, lan- 
guage, and mathematics, as a basis for the study of engineer- 
ing ; but I disapprove of the many fads that now encumber the 
instruction in secondary schools. 

One of the most important problems of the engineering col- 
leges is to arrange for a facile, flexible and fair means of trans- 
fer from arts colleges to engineering colleges and from one 
engineering college to another, both in the undergraduate and 
in the graduate stage. It is logical, and, from the standpoint 
of keeping down the age of graduation for those engineers 
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who wish to have a college course, important, that graduates 
of arts colleges should be able to complete the requirements 
for the first engineering degree in two years after college. 
It should also be possible to transfer to an engineering college 
after two or three years in an arts college, or after graduation 
from a junior college, on terms that are less costly of time than 
present practice commonly permits. Several factors that af- 
fect this problem may be worthy of brief consideration. 
Graduates of arts colleges frequently enter engineering col- 
leges with readily avoidable deficiencies that either overcrowd 
their schedule or needlessly lengthen their course of study. 
A college graduate of good average ability should be able to 
enter the junior class of an engineering college without in- 
surmountable difficulties if he has had in college six semester 
elass-room hours (with the necessary additional work in the 
laboratory) each in physics, chemistry, drawing, economics, 
and twelve hours of mathematics, at least six of which are 
the differential and integral calculus, and in special cases 
additional chemistry or physics, mathematics, geology, or other 
science. The requisite preparatory subjects can usually be 
taken in college without interfering in the least with the ob- 
jects of a liberal education. Too often teachers in the arts 
colleges are not well informed of the real preparation required 
for the engineering colleges. Moreover, the engineering col- 
leges are prone to overrate minor deficiencies, and require 
graduates to make up unimportant details, which might be 
well waived for men of such maturity and extensive education. 
Moreover, it is at present well nigh impossible to evaluate a 
transfer student’s previous courses of study with sufficient 
accuracy to give him his proper standing. Long experience 
has convinced me that standards of teaching and marking 
vary greatly not only as among institutions, but also within 
one institution. To require examinations in vital subjects 
would be resented by applicants, and under the prevailing 
practice that each teacher makes and marks his own examina- 
tions, such a test would usually be untrustworthy as a guide 
to ranking. We have recently had in our school an enlighten- 
ing experience on examinations. For four consecutive years 
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we have offered a competitive examination for a scholarship of 
one thousand dollars, open to seniors about to graduate with 
honors from an arts college (engineering students and mem- 
bers of Harvard University not eligible). The paper was 
made up, and the books were graded by a committee of our 
professors representing in their first degrees five different 
colleges. The subject matter covered two years of college 
mathematics, and one year of college physics. The examina- 
tion was taken in each case at the college where each senior 
was then enrolled, and under the rules there in force. The 
results were both unexpected and disheartening. In all about 
eighty papers were returned and graded; only six papers in 
four years were good enough to be considered for the prize. 
In one year there were none of sufficient merit, and there were 
many total failures. Yet every one of these applicants would 
be welcomed by any engineering school and with few excep- 
tions would doubtless have attained high rank in their engi- 
neering studies. 

There is no doubt that the business schools are getting many 
students that we, as teachers of engineering, think should 
come to us; it is by no means certain that some of our own 
registrants might be enrolled in business schools without detri- 
ment to us, and perhaps to their own advantage. As long as 
our engineering graduates continue to compete so successfully 
for so many executive positions in industry, we should not be 
unduly concerned. On the other hand, a better mutual under- 
standing and more cooperation would doubtless lead to better 
instruction in both types of institutions. 

We will all agree, I am sure, that the most important ques- 
tion of all is to find ways and means to secure, to develop and 
especially to keep good teachers. I have gradually come to the 
conclusion that the money competition of industry is not the 
only important source of our difficulties. Many of our teach- 
ers are so hopelessly overworked that they can not do the 
quality of work for which they are fitted, nor develop their 
talents. The remedy may well lie in the simplification of 
programs, and in the limitation of offerings to what we can 
afford to provide instead of attempting to give everything con- 
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ceivable, at the expense of the teacher’s health, happiness and 
development. 

This paper is a most admirable summary of what we ought 
to do, and I approve of most of it heartily, but I do not see 
who will have time to do the work. 

A. A. Potter: As Dr. W. E. Wickenden has so well brought 
out in his ‘‘ Report on Future Organization and Activity,’’ the 
Society for the Promotion of Engineering Education has in 
the past exerted its influence mainly through individual re- 
sponsibility. The Institutional Delegates, though appointed 
by the Presidents of institutions at the request of the Secre- 
tary of the Society and decorated with special ribbons at reg- 
istration, actually had no opportunity to contribute to the 
broader problems in engineering education through collective 
action. The status of the institutional delegate in the S. P. 
E. E. is in this respect very different from that in an asso- 
ciation of institutions such as the Association of Land Grant 
Colleges and Universities, where the deliberations and actions 
of the institutional delegates are taken very seriously by the 
institutions they represent. 

The proposed functions of institutional members as out- 
lined by Dr. Wickenden should result in fixing more definitely 
the status and influence of institutional delegates. The pro- 
posed functions which do not interfere with the individuality 
of institutions include: 

1. Fixing Qualifying Standards for Institutional Member- 
ship—The architects have demonstrated the value of this 
procedure in protecting standards and in encouraging weaker 
institutions to improve the quality of their product. There 
are too many institutions in the U. S. A. which claim to give 
higher education in engineering without sufficient resources. 
Institutional membership in the S. P. E. E. should indicate 
recognized standards and should be determined by methods 
similar to those now in use by the North Central Association 
of Colleges and Secondary Schools and by other recognized 

accrediting agencies. It may be found desirable to have sev- 
eral grades or types of institutional membership to include 
institutions other than engineering colleges. 
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2. Coordination of the Interests of Engineering Colleges as 
a Group with Other Types of Institutions, Accrediting Agen- 
cies, Public Educational Boards and National Educational In- 
stitutions—To attract to engineering colleges well prepared 
secondary school graduates and superior students from non- 
engineering colleges, the importance of the above mentioned 
contacts is self-evident. The institutional members acting 
collectively can exert a very definite and beneficial influence 
upon the quality of the preparation of high school graduates 
who are entering engineering colleges. Coordinating the in- 
terests of all types of institutions giving technical instruction, 
collegiate and non-collegiate, will also result in definite bene- 
fits to all concerned. 

3. A study of institutional practices and recommendations 
with reference to personnel problems, curricula relations, 
forms of degrees, costs, fees, methods of recruiting teachers, 
and similar problems is within the province of the institutional 
division and only indirectly concern the individual teacher. 
The findings of such studies will not be binding upon the in- 
stitutions, but will prove helpful to engineering education. 

The whole problem of recruitment of teachers for engineer- 
ing colleges should be considered by the institutional division 
at an early date. Should we adopt the practice common in 
European countries and advertise our vacancies in the tech- 
nical or even in the daily news or should we continue our 
present system which is particularly inadequate in connection 
with the recruitment of teachers for the lower ranks? 

The above mentioned functions of the institutional members 
should be carried on to supplement the proposed division of 
individual members and the general administrative organiza- 
tion ; these divisions should be coordinated by a staff organiza- 
tion for research and service in order to insure full protection 
to the corporate as well as individual interests of engineering 
education. 
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REPORT OF COMMITTEE ON POLICY ON ‘‘REPORT 
ON FUTURE ORGANIZATION AND ACTIVITY.’’ 


The Board of Investigation and Coordination has referred 
to the Committee on Policy a report of the Director of In- 
vestigation to the Board on ‘‘Future Organization and 
Activity,’’ which in line with the recommendations of this eom- 
mittee as adopted in June, 1928, proposes in detail develop- 
ments in activity and modifications of organization. In this 
suggestive and valuable report two features stand out, first 
the clearer separation and definition of the functions of the 
Institutional Division on the one hand, and the Institutional 
membership on the other hand; and second, the merging of 
the functions of the present Executive Committee of the So- 
ciety and the function of the type performed by the preatat 
Board of Investigation and Coordination into the fuaction 
of a single enlarged executive committee of the Soviety. 

On the subject of the first feature of this report the Com- 
mittee on Policy recommends that every encvuragement be 
given by the Council to the organization of the Institutional 
Division for the effective performance of its special functions 
in the Society. 

On the subject of the second feature of the report of the 
Director of Investigations, namely the suggested merging 
of the functions of the present Executive Committee and of 
the present Board of Investigation and Coordination into the 
functions of a single enlarged executive committee, the Com- 
mittee on Policy is not prepared to recommend action at pres- 
ent, but does recommend that this question of the central or- 
ganization and definition of functions be a subject of study 
through the next year by the Committee on Policy if con- 
tinued. The Committee considers that such a study is of 
great importance in view of the fact that the present Board 
of Investigation and Coordination may have completed its 
work by the end of 1929. 
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OUR DEBT TO THE ELECTRICIANS OF THE NINE- 
TEENTH CENTURY.* 


By Henry Crew, 


Professor of Physics, Northwestern University. 
PART I. 


Mr. Chairman and fellow-students: 

The time has almost arrived when it is bad form to address 
a group of physicists on any topic which does not deal either 
with the structure of matter or with the nature of radiation 
—the two outstanding problems of modern physics. Some 
of my younger colleagues, in their enthusiasm for the physics 
of the present moment, remind me of a character which Balzac 
introduces into one of his stories, a young woman—a member 
of the demi-monde—for whom the future was the time for her 
next meal, and eternity a time which is as far off as tomorrow. 
Nevertheless I am inviting your attention to the achievements 
of a century which lies wholly in the past. My apology for 
this course is three-fold: the first is that present-day problems 
are receiving admirable and ample treatment at the hands of 
my colleagues; secondly, it is only by becoming aware of the 
collective achievements of mankind that one can fully realize 
the possibility of greater things to come, and in the effort to 
reach these greater things lies not only the best of sports, but 
also our best protection against the waste of life and energy 
in the petty quarrels of men and nations; and thirdly, it is 
only by looking backward that a teacher can realize the con- 
tinual change of view-point which has taken place in his own 
subject during recent years and only in this way does he 
fully grasp the unity of modern physics. 

It is now less than a year since men of science from all parts 
of the world were making a pilgrimage to Lake Como in honor 
of the man who, in the year 1800, described the earliest device 
for producing electricity of low voltage and for deriving it 

*Two lectures delivered before’ the Physics Session of the Summer 
School for Engineering Teachers, Cambridge, Massachusetts, July 13 
and 14, 1928. 
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from an almost infinite variety of substances. It was also 
in the last year of the nineteenth century that Sir Joseph 
Thomson,* in a paper read before the Dover Meeting of the 
British Association and published in the Philosophical Mag- 
azine for December of that year, convinced the world that the 
electron is a constituent of all kinds of matter. The nine- 
teenth century is therefore bounded by two striking electrical 
achievements, the invention of the Voltaic cell and the dis- 
covery of the electron. It is to the electrical discoveries of 
this period to which your attention is directed. 

The backwardness of electrical science at the beginning of 
the nineteenth century is difficult for us to realize. The 
‘*Principia’’ was then more than a century old. The ‘‘Mécani- 
que Analytique’’ of Lagrange had been off the press twelve 
years. The first two volumes of the ‘‘Mécanique Celeste’’ 
had appeared in 1799. Poisson was at that time the brilliant 
student of Lagrange and Laplace at the Ecole Polytechnique ; 
mechanics was far advanced and was on solid ground. Chem- 
istry had developed as far as it could go without the atomic 
theory, the birth of which was still eight years in the future. 
But optics and electricity were far behind; the corpuscular 
theory of Newton still held the field. At the opening of the 
century, Thomas Young (1773-1829) had just completed his 
course at Cambridge and was settling in London as a prac- 
ticing physician; Fresnel (1788-1827) was a boy of twelve 
just getting ready to enter the Ecole Polytechnique. Elec- 
trical science was still limited to electrostatics; and was in 
nearly the condition in which Gilbert, Gray, DuFay (1698- 
1739), Franklin (1706-1790), Coulomb (1736-1806) and 
Cavendish (1731-1810) had left it. Bennet (1750-1799) the 
inventor of the gold leaf electroscope had! been in his grave 
only a year; Galvani (1737-1798) had died the year before 
Bennet. 

The Voltaic Cell.—It was just at this period that Volta, 
the quiet, modest, Italian scholar, large of frame, and capable 
of prolonged thought, had inherited the problem of Galvani. 
Philosophically and poetically inclined, Volta had that rare 


*J. J. Thomson, ‘‘On the Masses of the Ions in Gases at Low Pres- 
sures,’’ Phil. Mag., 48, 547-567 (1899). 
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quality which always marks the productive scholar, the habit 
of putting to himself questions and of not remaining satisfied 
until he has obtained an answer in the simplest possible terms, 
The final solution at which he arrived in his study of the 
ten-year-old Galvani phenomenon—the twitching of the frog’s 
legs—was sent to the Royal Society of London under date of 
March 20, 1800. This brief communication of Volta’s, in 
which the essence of the matter is seen to be two metallic con- 
ductors and an electrolyte, had several far reaching effects. 

Firstly, it put an end to the idea of ‘‘animal electricity’’ 
as used by Galvani; and it started that long series of experi- 
ments to prove the identity of electricities from whatever 
source obtained—a series extending over 88 years and ending 
only with the experiment of Rowland and Hutchinson * which 
established beyond doubt the magnetic effect of a moving 
electric charge. 

Secondly, the Voltaic cell, in substituting steady for transi- 
ent currents, gave the investigator just the same sort of ad- 
vantage which the spectroscope of Lockyer and Janssen offered 
to the astronomer whose previous study of the chromosphere 
was limited to the few fleeting moments of a solar eclipse. 
Electric current effects could now be studied at leisure. 

Thirdly, this simple device of Volta’s (most easily pre- 
sented to the new student as a drop of sulphuric acid con- 
necting a bit of zine and a bit of copper through a galvanom- 
eter) has for more than a century aroused the curiosity of 
every serious student of physics as to the source and location 
of its E.M.F. Volta really made two discoveries: the first, 
in 1800, was a mode of producing steady electric currents; 
the second, in 1801, was the fact that a piece of copper 
brought into contact with a piece of zine will assume a dif- 
ferent potential from that of the zine. Each of these phe- 
nomena is involved in every Voltaic cell. Many explanations 
have been offered. The three following are perhaps typical. 

(i) Kelvin (Phil. Mag., Dec. 1851) early gave a theory 
of the cell in terms of the heat of combustion which, as you 
all know, makes the E.M.F. equal to the heat developed when 


*H. A. Rowland and C. T. Hutchinson, ‘‘On the Electromagnetic Ef- 
fect of Convection Currents,’’ Phil. Mag., 27, 445-460 (1889). 
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one equivalent of an electrode is transformed; or 


2H. ‘ 
E = 96540 C. G. S. units 


for a divalent metal; to this expression Helmholtz added a 
term 


dE 
Tat 
to correct for change of temperature, so that 
H dE , 
E= 46000 * tr’ in volts, 


where H is the amount of heat, in calories, liberated by 
the passage of 96540 coulombs through the cell. If now, in 
addition to the law of conservation of energy, we bring in the 
law of the dissipation of energy, we have a fairly complete 
explanation of the cell. 

(ii) Then there is another energy-theory of the cell due to 
Nernst in which the metal passes into the electrolyte as a 
stream of charged ions. Nernst * supposes a metal to possess 
a definite solution pressure analogous to ordinary osmotic 
pressure. This solution pressure between metal and electro- 
lyte is responsible for a difference of potential at each of the 
metal/liquid junctions, and when once established, all one 
has to do in order to obtain a current is to connect the two 
metal electrodes by a wire. Each of these theories appears 
to rest on an experimental basis, each gives very nearly the 
correct value for the Daniell cell and the two are self-consis- 
tent ; but one is still left wondering whether we have anything 
other than a mathematical description of the cell; and one 
is reminded of Bertrand Russell’s ¢ remark that ‘‘ Physics is 
mathematical not because we know so much about the physical 
world; but because we know so little; it is only the mathe- 
matical properties that we can discover.’’ 

(iii) If now, for the sake of perspective, one passes for 
just a moment, beyond’ the limits of our chosen century, he 
finds that Professor Millikan ¢ has proved the ‘‘stopping po- 

*'W. Nernst, Zeitschr. Phys. Chem., 4, 129 (1889). 

t B. Russell, ‘‘ Outline of Philosophy,’’ p. 163. 

{R. A. Millikan, Phys. Review, 18, 236 (1921); Phys. Review, 7, 25 
(1916). 
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tentials’’ to be the same for all metals; and has established 
the following expression for the E.M.F. of contact between 
two metals. 


Contact E.M.F. = hyo — hua — (Wiz — Wia) 


é 


(vB — vA) | 





_h is — Mil 
e ’ 


é 


where h = Planck’s constant, 
voa = frequency of light which will just remove an 
electron from first metal, without giving it 
any velocity, 
frequency of light which will just remove an 
electron from second metal, without giving it 
any velocity, 
W:, = work necessary to just detach an electron from 
its parent atom in first metal, 
Wi, = work necessary to just detach an electron from 
its parent atom in second metal. 


VOB 


This equation flows immediately from the point of view which 
makes the E.M.F. of contact equal to the difference of work 
required to detach a free or conducting electron from the 
two metals in succession. In other words, 


Contact E.M.F. = Bo EE ; 


where W,, and W,, represent the work required to just de- 
tach a free electron from the surfaces of the respective met- 
als. The natural attraction of matter for an electron which 
is here assumed accords with the following experiment from 
the chemical laboratory. One dips a bit of zine into a solution 
of copper sulphate and observes that metallic copper is at 
once laid’ down on the zine, a phenomenon which he interprets 
to mean that the zine ions (Zn**) have a greater tendency than 
the copper ions (Cu**) to go into solution and remain there; 
or that the copper ion has a stronger attraction for the elec- 
trons in the zine than has the zinc ion. 

Or, as Professor E. H. Hall * puts the matter, the problem 

*E. H. Hall, ‘‘Conditions of Electrical Equilibrium at Boundary 
Surfaces; Volta Effect,’’ Proc. Nat. Acad. Sci., 11, 111 (1925). 
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of the Voltaic cell reduces itself to a ‘‘contest between the 
ions of the two metals for the possession of electrons.’’ 

Whether in any one of these theories, each of which is honey- 
combed with assumptions, we have a view which puts the 
physics of the primary cell in a manner sufficiently clear for 
presentation to undergraduates, I am still somewhat doubtful. 
lfowever, I am not forgetting that the lack of clearness may 
be confined entirely to my own mind. 

If the theory of the cell is to be presented to undergraduates 
at all, I am inclined to think that the analogue recently pre- 
sented by Professor Corbino (Phil. Mag., 4, 436, 1927) of 
Rome will be found a valuable aid. 

Standing upon the photoelectric and thermionic effects as 
a foundation, he starts with the following expression for the 
Volta contact E.M.F. which he denotes by V. 

Wi — We dV 
arn. ae 
where W, and W, denote the respective work functions of 
the two metals, and the last term in the second member is the 
well known expression for the Peltier effect. Corbino appar- 
ently considers the establishment of this equation as the easiest 
part of the whole problem and at once proceeds to consider the 
physics of the Daniell cell. 

The net process in this cell is described as one zine ion going 
into solution, two electrons thus set free passing the Cu-Zn 
junction, one copper ion going out of solution, meeting and 
binding the two electrons, which have just gone around the 
metallic part of the cireuit, and finally the —-SO, radical left 
intact in the electrolyte. 

The Analogue.—All the main features of this cell, Corbino 
finds in a model constructed as follows. Take a glass tube 
having the shape of an anchor-ring; insert at any point in the 
tube a movable piston, impermeable and frictionless; insert 
at another point in the tube a fixed semipermeable membrane. 
These two partitions will divide the anchor-ring into two 
compartments, A and B. Fill each compartment with a sat- 
urated solution of a salt—the two salts being different and 
each having crystals present in excess. Remembering now 
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that a Daniell cell consists of a pair of metals each dipped 
into a solution of one of its salts the analogy will be clear if 

(i) the conduction electrons of the cell are represented, in 
the model, by the molecules of the solvent ; that is, by the mole- 
cules of water; 

(ii) each metal of the cell is represented by the saturated 
solution in the model; 

iii) the electrolyte of the cell is represented in the model 
by the solid phase of salt solution; 

(iv) as a metal may gain or lose electrons, only by contact 
with other metal; so in the model, a solution may gain or 
lose water only by contact with another solution through the 
semipermeable membrane ; 

(v) as a metal may gain or lose metallic ions only through 
the eletrolyte, so in the model, the solution may gain or lose 
molecules of the dissolved body only through contact with the 
solid phase of the latter. 

(vi) The motion of the electrons through the bimetallic 
junction is represented in the model by the motion of the 
water through the semipermeable membrane. 

(vii) The difference between the attractions which copper 
and zine exhibit for electrons becomes, in the model, the dif- 
ference of attractions of the two solutions for water, which 
we call osmotic pressure. In other words, the difference in 
potential at the Zn-Cu junction is represented by the differ- 
ence in hydrostatic pressure between the compartments A and 
B. In brief, the semipermeable wall tends to maintain the 
difference of hydrostatic pressures; while the motion of the 
piston tends to destroy it. 

(viii) Finally, if in the model, one assumes the dissolving 
of the salt to be an exothermic process, he has in the heat 
thus developed the analogue of the heat developed in the 
Daniell eell. 

If anyone is inclined to think that this model does not get 
us very far, I am inclined to agree with him; if one holds 
that it merely substitutes the mystery of osmotic pressure 
for the equally mysterious contact E.M.F., I must assent. On 
the other hand, the behavior of the two systems are strikingly 
alike ; the model is based on chemical laws; it does not rely 
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upon electrical principles; and moreover it makes no pretense 
1o be an explanation ; it is merely an analogy which the teacher 
of physics may find helpful. 

The last word has not yet been, said concerning the Voltaic 
eell. You may, indeed, have noticed that the topic which 
Professor A. W. Porter, sectional president of the British As- 
sociation, has chosen for his address on the 10th of September 
next at Glasgow is ‘‘The Volta-effect ; Old and New Evidence.”’ 

If Volta is to be considered as the first of our outstanding 
creditors in the nineteenth century, the next will, I think, by 
general consent, be Oersted. But the twenty years which in- 
tervene between these two men were not years of idleness. 
Within five or six weeks after Volta’s great paper had reached 
London, and even before it was presented to the Royal So- 
ciety, Nicholson and Carlisle had electrolyzed water, thus 
producing a phenomenon which was the converse of Caven- 
dish’s * synthesis of water from oxygen and hydrogen, six- 
teen years earlier. Then follows a great maze of phenomena 
such as the various reactions at the electrodes, all of which 
seem simple enough now; but was then tremendously com- 
plex. Early in 1802, Brugnatelli, a colleague of Volta’s at 
Pavia, had demonstrated the practicability of gold and sil- 
ver plating by means of electro-deposition. In the same year, 
J. W. Ritter (1776-1810) had taken a pile of discs of one 
kind of metal, each separated from its neighbors by moist- 
ened cloth and had shown that he could transform this pile 
into a Voltaic battery by merely passing an electric current 
through it. Here, of course, was the germ of the modern 
storage cell. 

In his Bakerian lecture for 1807, Davy (1778-1829) de- 
scribes his isolation of the elements, potassium and sodium, 

by means of electrolysis. These and similar achievements led 
up to the electrochemical theory of Berzelius which dom- 
inated the entire field of chemistry for more than a genera- 
tion. During these two decades following Volta, nothing in 
the shape of a galvanometer was available except a tube con- 
taining some electrolyte, which must have rather effectually 
quenched the current which it was intended to measure. 

* Cavendish, Phil. Trans., 1784, p. 119. 

13 
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The Discovery of Electromagnetism.—One can imagine, 
therefore, with what delight men realized that, in the simple 
announcement which came from Copenhagen on the 21st of 
July, 1820, there was put into their hands not only a totally 
new relation between two hitherto separate fields of physics, 
but also a simple and sensitive means of measuring electric 
currents. But the story of Oersted’s discovery of electro- 
magnetism is too well known to need rehearsal before this 
audience. The achievement has more than once been de- 
scribed as an accident; but I find nothing to substantiate 
this view. Oecersted’s works have been recently published 
in three superb quarto volumes. In one of these papers 
(Oersted, Scientific Writings, Vol. I, p. 61) it is made clear 
that some ten years before his great discovery he had antici- 
pated a connection between ‘‘electric, galvanic, magnetic and 
chemical effects.’’ 

Every student of physics should, early in his career, feel 
out the magnetic field about a straight wire conveying a cur- 
rent and see for himself the elevation and depression, the 
deflection to right and left as one carries a small magnet about 
a horizontal wire conveying the current. 

Our deepest interest in the Oersted phenomena lies perhaps 
in the eagerness with which Ampere seized upon it and 
promptly wrested from nature not only the discovery that 
one electric current exerts a force upon another, but also the 
law which tells us how this action varies with current strength, 
with distance, and with length of element. 

The four fundamental experiments from which Ampere 
drew these brilliant results were more familiar to an earlier 
generation than they are to the present. It is from these ex- 
periments and one assumption that he derived the idea of a 
magnetic shell and the simple differential expression from 
which we obtain at once, by the stroke of a pen, as it were, 
the laboratory equations for all that class of instruments to 
which the galvanometer, the current balance, the voltmeter 
and ammeter belong. It would seem, therefore, highly desir- 
able that they should be early brought to the notice of any 
serious student of physics. The four experiments are as fol- 
lows: 
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(i) A wire doubled back on itself produces no effect on 
neighboring currents, thus showing that equal cur- 
rents in opposite senses neutralize one another. 

(ii) A straight conductor proves to be equivalent to one 
which is bent so as to be filled with sinuosities and 
yet remains near the straight conductor. This shows 
that an electric current is a vector quantity and can 
be resolved just as displacements and velocities are 
resolved. 

(iii) A current flowing in the are of a circle, in a wire 
which is easily movable about an axis through the 
center of the circle and perpendicular to the plane 
of the circle is not affected by any closed circuit 
placed nearby, showing that the action on each ele- 
ment of the circuit is perpendicular to the length 
of that element. 

(iv) A current is passed in series through three coils which 
are geometrically similar—coils such as could be ob- 
tained by winding them all on one and the same cone, 
but at different portions of the cone. If now the 
middle sized coil be made one arm of Ampere’s as- 
tatic balance, it is found to be always in equilibrium 
under the action of the other two coils so long as 
the distance apart of the coils bears the same ratio 
as their other dimensions. 


From these four experimental facts together with the very 
natural and reasonable assumption that the force between 
any two elements of the circuit is in the line joining them, 
Ampere reaches the brilliant conclusion that the magnetic 
field-strength produced at any distance r by a straight ele- 
ment of current, 1, is 
an - 1-2 sin @ _ rds) 
r r 

where @ is the angle between the directions of rand ds. From 
this expression the experimental results obtained two years 
previously by Biot and Savart flow naturally. 

The great paper in which Ampere describes these achieve- 
ments has recently been reprinted by Hermann of Paris and 
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is easily available; but the best account for modern readers 
is undoubtedly the brief chapter of fifteen pages which Max- 
well, in his Treatise, devotes to this discovery. The impor- 
tance of Ampere’s idea of the magnetic shell and the simple 
relation of equality between the current strength and the 
magnetic moment of unit area of the shell is not likely to be 
overestimated by the teacher of physics. No student, indeed, 
should be allowed to pass this stage of his work without a full 
realization that this picture of the magnetic shell at once 
put an end to the belief in two magnetic fluids, so common 
previously to the year 1826, when the ‘‘ Theorie Mathematique 
des Phenomenes Electrodynamique’’ was first published. 

The most exquisite establishment of the existence of the 
Amperian currents is perhaps that which has recently come 
out of the very refined and clever experiments by Professor 
and Mrs. Barnett in which they succeed in magnetizing a cir- 
cular cylinder of metal by rotating it about the axis of the 
eylinder—experiments which also indicate that the ultimate 
magnetic elements—whatever their nature—possess angular 
momentum. 

The story of Ampere’s life is pathetic from start to finish. 
It is told briefly and entertainingly by Henry James in his 
essay on ‘‘The Two Amperes;’’ but the original account of 
the brilliant father and son is to be found in their ‘‘Corre- 
spondence et Souvenirs’’ collected by Madame Chevreux and 
covering the years from 1805 to 1864. (Paris, J. Hetzel et 
Cie.) The ups and downs of this emotional soul may be read 
in the inscription which he himself suggested for his tomb: 
Tandem felix. ‘‘Happy at last.’’ 

If we pass hastily by the electric motor completed and put 
into operation by Faraday on Christmas day 1821, and the 
**stellate wheel’’ of Barlow perfected in 1823, and the re- 
markable discovery of thermo-electric currents which Seebeck 
reported to the Berlin Academy in 1822, it is not because these 
are of minor importance, but merely because time is short. 

The Problem of Metallic Conduction—Our next serious 
indebtedness is perhaps to George S. Ohm (1787-1854). 
Here again we find an investigator standing upon the shoul- 
ders of his predecessors. For as early as 1821, Davy * had 


* Sir Humphry Davy, Phil. Trans., 1821, p. 433. 





















ders 
Max- 
\por- 
nple 

the 


leed, 
, full 
once 
mon 
tique 


f the 
come 
‘essor 
a cir- 
f the 
imate 


gular 


finish. 
in. his 
nt of 
Yorre- 
x and 
zel et 
> read 
tomb: 


id. put 
id the 
he re- 
eebeck 
2 these 
ort. 

erious 
1854). 
shoul- 
* had 





OF THE NINETEENTH CENTURY 199 


established the experimental fact that the conductance of a 
uniform wire varies directly as its cross-sectional area and 
inversely as its length. Just how he did this without the 
aid of either ammeter or voltmeter is worthy of a moment’s 
notice. The wire which was being studied was used as a 
shunt to an electrolytic cell filled with water. The length 
of wire was varied until, in each case, the decomposition of 
the water just ceased. Any two wires which, with a given 
battery, would just bring about this effect were considered to 
have equivalent resistances. 

The year following these experiments of Davy appeared the 
great creation of Fourier (1768-1830), his ‘‘Théorie analyti- 
que de la Chaleur,’’ the fundamental contribution of which 
was his definition of thermal conductivity as the ratio of 
‘“‘heat flow’’ to ‘‘temperate gradient.’’ 


(7)/ 
Heat Flux \¢//* m1 
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where H = quantity of heat, 
T = temperature, 

t = time, 

l = length of conductor, 
cross-section of conductor, 
E.M.F., 
electric field strength, 
current density, 
resistivity, 
= resistance. 
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The achievement for which Ohm will always be remembered 
is that he saw with clear vision and showed by experiment that 
one has only to substitute ‘‘electric flow’’ for ‘‘heat flow’’ and 
‘‘potential gradient’’ for ‘‘temperature gradient’’ in order 
to describe with accuracy the flow of electric currents. 

Underneath both these laws is the tacit assumption that 
the flux is strictly proportional to the driving force, whether 
it be thermomotive or electromotive. This assumption did 
not receive universal acceptance at the time. It was not in- 
deed until the invention of a constant source of E.M.F., first 
realized in the Daniell cell in 1836, that Ohm’s statement could 
be considered as well verified. In 1847, Kirchhoff (Pogy. 
Amn., 72) succeeded in generalizing the law of conduction 
in his two well known statements, one describing what happens 
in any mesh, the other what happens at a junction point. And 
it was not until 1865 that Maxwell generalized the statement 
once again so as to include the behavior of varying currents, 
and the effect of a neighboring current. As late as the ’70’s 
Maxwell was so skeptical of Ohm’s simple description that 
one of the first serious investigations undertaken in the then 
new Cavendish Laboratory was that of George Chrystal upon 
the validity of Ohm’s law. The result of the investigation 
was the establishment of the law, over a wide range of cur- 
rents, as absolutely accurate within the limits of experimental 
error. The beginning student will at once recognize such 
differences between heat and electricity that the instructor 
who follows the historical order of presentation will run no 
risk of minimizing either the originality of Ohm or the im- 
portance of his law. 

The enunciation of this simple expression which defines re- 
sistivity as the ratio of the electric field-strength to the current 
density, gave rise at once to this question: Upon what prop- 
erties of a substance does its resistivity depend? After the 
lapse of an even century this question remains, except in the 
case of gases, one of the outstanding puzzles of modern phys- 
ics. The solution which H.A. Lorentz gave some years ago 
was suggestive; but that is all that can be said for it. The 
recent paper of Sommerfeld * on metallic conduction is one 


* Sommerfeld, Zeitschrift fur Physik, 47, 1-60, 1928. 
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whose mathematical mazes I make no pretence of following. 
At the present moment it is as highly praised by an eminent 
physicist of Oxford University (H. F. Biggs, Nature, 121, 
505, 1928) as it is severely criticised by an equally eminent 
physicist (Professor E. H. Hall) at Harvard University. It 
is, therefore, perhaps fair to say that the problem started by 
Ohm in 1828 is still awaiting more complete knowledge of 
the structure of metals. At the time when his ‘‘Galvanische 
Kette’’ was published in 1827, Ohm was teaching mathematics 
in a secondary school in Cologne; at the time of his death 
in 1854 he occupied the chair of experimental physics in the 
University of Munich, the position now held by W. Wien. 

The Second Law of Electromagnetism.—It was on the 24th 
of November, 1831, that Faraday described to the Royal So- 
ciety of London what is perhaps the greatest single discovery 
ever made in electrical science. Paragraph 27 of this paper 
has for a subheading ‘‘The Evolution of Electricity from 
Magnetism,’’ a title indicating at once that Faraday’s new 
phenomenon is the converse of the Oersted effect and fore- 
shadowing its later inference * from the results of Oersted 
alone. The story of Faraday’s long search for induced cur- 
rents and his final discovery of them is already so familiar 
to you that no repetition of it is here needed. 

New electromagnetic phenomena at once unfolded them- 
selves to Faraday with amazing rapidity. The questions 
which he put to Nature were so clear and definite that she 
seldom denied him an answer. He made the original dis- 
covery with what is practically a modern iron-cored trans- 
former; within a few weeks he had a D. C. generator in full 
operation ; within a few months, electrolysis by induced cur- 
rents and the identity of induced currents with those of the 
voltaic cell and the Leyden jar discharge were established. 
It was fourteen years, however, before F. E. Neumann (1798- 
1895) succeeded (1845) in discovering the proper potential 
function and in formulating Faraday’s main result in the ex- 
quisitely simple terms in which we all now think of it, namely, 


* See Richardson’s ‘‘Electron Theory of Matter,’’ pp. 102-109 (1914) 
or Larmor’s ‘‘Ether and Matter.’’ 
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the electromotive force as the time-rate of variation of the 
magnetic flux. 


a. 5 
e.m.f. = Zz 


And it was still another two years before Helmholtz established 
electromagnetic induction upon a mechanical basis and de- 
rived Neumann’s expression by a simple application of the 
principle of the conservation of energy. No student of phys- 
ics, whether teacher or taught, can afford not to read this 
little brochure of Helmholtz, ‘‘Die Erhaltung der Kraft’’ 
(1847), which was refused publication in Poggendorff’s An- 
nalen and nevertheless became a corner stone in the structure 
called modern physics. His energy equation includes only 
three terms and his argument is simple. Those who prefer 
an English dress will find the paper translated in Taylor’s 
‘Scientific Memoirs,’’ Feb. 1853. Just how it comes about 
that when a bit of copper wire is moved across a magnetic 
field there is generated in it an emf. is, so far as I am 
aware, quite as much of a mystery today as it was when 
Faraday first observed the effect. We now say that at any 
one point in the metal the electric field generated is 
e = (1/c)Hv where e is the vector product of H and v; but 
this is a mere variant of Neuman’s expression; and the mys- 
tery remains. 

Nowhere in his full half-century of scientific work are the 
two distinguishing characteristics of Faraday’s mind better 
displayed than in this paper ‘‘On the Induction of Electrie 
Currents.’’ I refer to his unbounded respect for the facts 
and his powerful imagination, which, as one of his biographers 
says, sometimes rose to divination. In Faraday’s notebook, 
under date of 19 March, 1848, is found the following entry: 


‘‘Nothing is too wonderful to be true if it be consistent 
with the laws of nature; and in such things as these experi- 
ments is the best test of consistency.’’—Bence Jones, ‘‘ Life of 


Faraday,’’ Vol. 2, p. 253. 

There is, of course, no such thing as nationality in science; 
nevertheless American students will, I believe, read with espe- 
cial interest the still earlier discovery of induced currents 
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made by Joseph Henry but not published by him until nine 
months after Faraday’s Royal Society paper of November, 
1831. 

Another of the priceless possessions which we students of 
physics have inherited from Faraday is his mode of tracing 
electric and magnetic actions through the medium and his 
representation of these vector fields by means of lines of force. 
To grasp our indebtedness one has only to imagine himself 
teaching the subject without being allowed to mention lines 
of electric or magnetic force. 

Electric science becomes quantitative——In conclusion, let 
us pay our respects to the men who first taught us that mod- 
ern physics is to a large extent an answer to the question How 
much?; the men who for the first time reduced electric and 
magnetic measurements to those of ordinary mechanics. And 
here, without forgetting the quantitative aspect of much of 
the work of Coulomb and Cavendish in the 18th century or 
that of Davy and Faraday in the early 19th century, we 
must, by general consent, I believe, consider C. F. Gauss 
(1777-1855) the pioneer; for it was this eminent astronomer 
and mathematician who in 1833 cut his way through a forest 
of hazy ideas and made a clear path to the measurement of 
a magnetic field in absolute units. The field intensity once 
expressed in terms of fundamental units led immediately to 
the expression of current, electromotive force, and resistance 
in terms of length, mass and time. 

The first reduction of resistance to mechanical units was 
that made by Gustav Kirchhoff * (1824-1887) and described 
by him in Poggendorff’s Annalen for the year 1849. The 
young Kirchhoff was at this time only twenty-five years of age, 
having been born in the same year with Lord Kelvin. He 
was the same Kirchhoff who, ten years later, was to lay the 
foundation of the science of spectroscopy. In this paper, 
however, he made no effort to establish a system of absolute 
units, but contented himself with showing that one might 
either assume an arbitrary piece of copper wire as having a 
unit resistance and then evaluate the constant of Neumann or 
one might assume Neumann’s constant as unity and then 


* Kirchhoff, Pogg. Ann., 76, 412-426 (1849). 
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evaluate the resistance of the wire. It is this latter alter- 
native, of course, which we employ today when using Kirch- 
hoff’s method for measuring resistance. The principle which 
Kirchhoff employs is one that is now so widely used in elec- 
trical laboratories that it need be merely indicated. 

The first step in his method is to take two coils of such a 
shape that their coefficient of mutual inductance can be read- 
ily computed, and place them in separate circuits, one near 
the other. When the steady current, 4, in the first coil is 
reversed, the quantity of electricity, Mi/R, induced in the 
second circuit is measured by a galvanometer used ballistically. 
The next step is to put a steady current through the circuit 
of the second coil by using the e.m.f. which exists between 
two points on the first circuit, the one conveying the current é. 
Thus one obtains two equations which yield him the resistance 
between these two points in absolute measure, namely, 


Mi : ir b as) 
ee ei ee eau Mi - i —- 
R a sin 6/2, R b tan ¢, r Cys . 


where each quantity in the right-hand member is easily ob- 
served or computed. This is, of course, a far cry from our 
modern highly perfected system of electrical units; it is never- 
theless one of the foundation stones upon which this system is 
built. No method involving the ratio of two galvanometer 
deflections could possibly be used today for the determination 
of the ohm. Therefore a highly ingenious and clever modifi- 
cation of Kirchhoff’s method, using only the null point of the 
galvanometer, has been devised by Dr. Wenner and is on the 
program for the immediate future at the Bureau of Standards. 

Looking back over the first half of the nineteenth century, 
we find on the debit side of the ledger the following items 
which so far from being out-of-date are in daily use: 


(i) The Voltaic cell; of which it is estimated that, during 
the past year, no less than 500 millions were man- 
ufactured in the United States alone. 

(ii) The first law of electromagnetism; W —4nt, discov- 

ered by Oersted, perfected by Ampere, Biot and 

Savart, the basis upon which a large portion of our 

electrical measuring apparatus is designed. 



















lter- 
rch- 
hich 
elec- 


ch a 
ead- 
near 
il is 
the 
ally. 
cuit 
veen 
nt 4. 
ance 


ob- 
our 
ver- 
m is 
eter 
tion 
difi- 
the 


rds. 


ary, 
ems 


ring 
1an- 


COv- 
and 











OF THE NINETEENTH CENTURY 205 





(iii) The second law of electromagnetism; discovered by 
Faraday, perfected by Neumann and Helmholtz, the 
basis upon which most of our electromagnetic ma- 
chinery is designed. 

(iv) The creation of the science of electrodynamics and 
the first step in the explanation of magnetism by 
Ampere. 

(v) The establishment of Ohm’s law on a firm experimental 
basis. 

(vi) The identity of electrifications, derived from all the 
various sources, chemical, thermal, frictional, mag- 
netic, and dynamical, placed beyond dispute. 

(vii) A host of minor phenomena—if one dare call any 
phenomenon a minor one—such as the polarized cell 
of Ritter; the thermoelectric current of Seebeck, and 
its converse discovered by Peltier; the mechanical 
energy of a charged Leyden jar, 1/2 CV’, first es- 
tablished by Joule (Roy. Soc., 1840) and Helmholtz 
(‘‘Erhaltung der Krafte,’’ 1847). 


Besides these a long list of other phenomena which have 
not even been mentioned, such, for example, as the Page ef- 
fect discovered by an examiner in the American Patent Office. 

This first half century represents the assault upon the one 
great problem of electricity and magnetism; tomorrow we 
shall consider the victory obtained in the second half century. 


PART II 


In his remarkable book called ‘‘Constructive Citizenship,’’ 
Principal Jacks has pointed out in a forcible manner the 
marked difference between thinking out a plan for the present 
and thinking forward to discover how this plan will work in the 
future. The first of these processes he calls space-thinking ; 
the latter, time-thinking. The first is one of the easiest things 
in the world; the latter is one of the most difficult. 

Yesterday, we were thinking backwards in time, trying to 
appraise the important phenomena and worthwhile methods 
discovered in the first half of the nineteenth century. This 
was done in the hope of deriving from it some training in 
looking forward. 


















206 OUR DEBT TO THE ELECTRICIANS 





Thinking seriously about anything is proverbially difficult; 
thinking aloud is positively hazardous. Professor Gilbert N. 
Lewis, in his brilliant volume, ‘‘The Anatomy of Science,” 
says that ‘‘every decision of life is a gamble.’’ This is a state- 
ment which must evoke the warm sympathy of any man who 
has ever tried to push aside, ever so little, the veil which hides 
the future. What then shall be said of the man who takes 
his stand at the year 1850 and tries to think forward in time 
to the year 1900? The human accomplishments of that half 
century in physics would stagger the most powerful imagina- 
tion. 

Your attention is invited to the achievements of those fifty 
years in the hope of an increased skill in time-thinking; in 
the hope of a keener realization that it is the unexpected that 
happens, and in the hope of a greater confidence in the doe- 
trine of Faraday that ‘‘nothing is too wonderful to be true;” 
and yet in the hope that we may not.acquire such high respect 
for the past as to become fundamentalists in science. 

Electrical Units.—The possibility of measuring both mag- 
netic and electrical quantities in terms of mechanical units 
had already before 1850, been firmly established by Gauss 
and Kirchhoff. In practice, however, a certain arbitrary unit 
of resistance (about 8 meters of copper wire some 2/3 mm. 
in diameter) had been chosen and widely circulated by Moritz 
Jacobi (1801-1874), brother of the mathematician, Carl Ja- 
cobi. The stage was all set, therefore, for Wilhelm Weber 
to determine the value of the Jacobi unit in absolute measure. 
This he did in 1851. Pogg. Ann., 82, 337-369, (1851). The 
literature of the fifties is full of references to ‘‘Weber’s ab- 
solute units.’’ The absolute unit of current was shortly after- 
wards named after Weber. I find in my undergraduate lab- 
oratory notes at Princeton, made in the early eighties, that all 
measured currents are recorded in webers. Indeed, it was 
only on the proposal of Helmholtz, made to the International 
Electrical Congress at Paris in 1881, that the name of Weber 
was replaced by that of Ampere. 

From this point on, the system of absolute electrical units 
must be considered an accomplished fact. The great prob- 
lems, which remained and which have been solved largely by 
the efforts of the Brit. Assoc. Adv. Sci. during the interval 
between the appointment of the first committee in 1862 and 
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its final report in 1912, have been the choice of the three 
fundamental units, the choice of defining equations for the 
various electrical quantities, the experimental evaluation of 
certain electrical standards, and the adoption of appropriate 
names for the electrical and mechanical units. The whole 
story of the work of this famous B. A. Committee is admir- 
ably told in a summary of their reports recently published 
by the Cambridge University Press.* 

The accuracy now possible in measuring these electrical 
quantities in mechanical units is so high that, as some of you 
perhaps know, resolutions are to be presented to the Inter- 
national Committee on Weights and Measures at its next 
meeting (1929) which will recommend the abandonment of 
the international ohm as represented by the mereury column 
and also the international amperes as represented by a silver 
deposit. Instead of these, will be recommended the direct de- 
termination of electrical quantities in terms of mechanical 
units; the volt, for example, from the Lorenz apparatus; the 
ampere, from Joule’s current-weigher ; and so on. 

In a class of one hundred students graduating as electrical 
engineers, each perfectly familiar with the uses of graded in- 
struments which read directly in amperes, volts, watts and 
henries, few, I venture to think, of these men have any ade- 
quate idea of their indebtedness to Kelvin, Maxwell, Fleeming 
Jenkin and Latimer Clark who determined the early stand- 
ards of resistance and electromotive force; or to the Paris Con- 
gresses of 1881 and 1889 which gave us the volt, the ampere, 
the ohm, the joule, the watt and a whole series of brain-saving 
definitions for alternating currents; or to the Chicago Con- 
gress of 1893 which defined and named the henry; or to the 
later congresses which gave us a coherent system of magnetic 
units including the gauss (Ipswich: 1895) and the maxwell 
(Paris: 1900). 

If any one thinks that the universal adoption of such a 
unified system comes about automatically and by mere passive 
acceptance, he is very slightly acquainted with the inertia of 

*An extended account of the origin and development of electrical 
units will be found in two lectures entitled ‘‘The History of Electrical 
Units,’’ delivered by A. E. Kennelly at the Electrical Engineering Ses- 


sion of the Summer School for Engineering Teachers, to be published 
in the November, 1928, number of JouRNAL oF ENGINEERING EDUCATION. 
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human nature and he must be a perfect stranger to national 
prejudice. The men who accomplished these things belonged 
to the type which knows how to ‘‘scorn delights and live la- 
borious days.’’ If one really desires to learn our obligations 
to the pioneers who perfected this nicely adjusted quantitative 
system of units, he has only to stand (as I did, a few weeks 
ago) at the great Crawford Avenue Station in Chicago, beside 
a quiet gentleman-—known as the load-dispatcher—who, seated 
in front of a table to which there are attached a few switches, 
a few graduated dials and a few small lamps, has at the control 
of his finger tips the distribution of 177,000 horsepower. 

No teacher of physics can afford to look upon this series of 
events which has resulted in our exquisite system of aptly 
related electrical units as a panorama, or a picture framed 
and hung on the wall, forever belonging to the past. On the 
contrary it is a moving picture; at each instant there is a 
changing group of men; they are on the top of the wave, car- 
ried forward by the same irresistible drive that urges you 
or me toward any present goal; never reaching the end ex- 
cept to find there a new goal farther on; in this case a higher 
degree of accuracy and, greater convenience. 

The Open Circuit and Electric Waves.—We pass now to 
a field of electrical discovery which for a full half century 
was quietly cultivated in the physical laboratory and which 
has only recently become a matter of surprising social and 
commercial importance. In the first half of the century we 
are studying, three men had a fairly clear grasp of the 
fact that the only electrical phenomena which we know any- 
thing about are mechanical phenomena. These men were 
Ampere, Gauss, and Helmholtz. Ampere balanced torques; 
Gauss measured magnetic moments; Helmholtz used’ the en- 
ergy equation. But it is not until the second half of this 
century that anyone thoroughly grasped the idea that an 
electric circuit is essentially a dynamical system, and employed 
this idea to make important predictions. 

As early as 1851, Kelvin (Phil. Mag., Dec. 1851) had given 
a mechanical, though not a purely mechanical, definition of 
electromotive force, which runs as follows: The e.m.f. be- 
tween any two points on a conductor is numerically equal to 
the rate at which work is done between these two points when 

















al 











OF THE NINETEENTH CENTURY 209 


unit current is passing through the conductor. And only two 
years later, we find Lord Kelvin* publishing in the Philo- 
sophical Magazine under the title ‘‘Transient Electrie Car- 
rents,’’ a complete dynamical account of the behavior of an 
open circuit. Kelvin describes the exact conditions under 
which an open circuit discharge must become oscillatory and 
shows himself to be a thorough master of those mechanical 
analogues which our colleague, Professor W. S. Franklin has 
stressed so splendidly in his teaching. An interval of four 
years elapsed between Kelvin’s prediction of the oscillatory 
discharge and Feddersen’s t clever experimental verification of 
it. I may remark parenthetically that the original rotating- 
mirror-device by which Feddersen demonstrated this fact 
forms one of the many highly instructive exhibits of the 
Deutsches Museum at Munich. And since I am digressing I 
may add that no teacher of physics, who once finds himself 
in Europe, should ever think of returning home without first 
visiting this marvellous and unique collection at Munich, a 
duty and a pleasure for which three full days is an irreducible 
time-allowance. 

In the same year with the Feddersen experiment, Kirch- 
hoff { had described the propagation of waves over wires by 
means of his justly celebrated Telegraphic Equation. It was 
also about this same time, 1856, that Weber § and R. Kohl- 
rausch first determined the ratio of the electromagnetic to the 
electrostatic unit of quantity and found it to be practically 
the same number as that which represents the speed of light. 

The properties of various media, including the one which 
we call a vacuum, had long before been carefully observed 
by Cavendish and Faraday. All the problems, indeed, whose 
solutions were necessary for the design and operation of the 
Atlantic cable were being solved. In a series of five sep- 
arate papers which appeared in the Philosophical Magazine 
between the years 1861 and 1862, Maxwell || had described a 

* Kelvin, Phil. Mag., June, 1853. 

t Feddersen, Pogg. Ann., 103, 69 (1857). 

+G. Kirchhoff ‘‘The Motion of Electricity in Wires,’’ Pogg. Ann., 
100, 193, (1857); Ges. Abh., p. 131. 


§ Weber, Werke, Bd. 3, p. 609. 
|| Maxwell, Phil. Mag., 21, 161, 281, 338 (1861); 23, 12, 85 (1862). 
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mechanical model of the electromagnetic medium and had 
thrown into a set of consistent equations all the most impor- 
tant results of Oersted, Ampere and Faraday. In fact the 
stage was all set for the reading of Maxwell’s momentous 
paper on the Electromagnetic Field before the Royal Society 
of London on the 8th of December, 1864. The brilliant stroke 
by which this Scotch genius, at the age of thirty-three, reduced 
the whole domain of optics to a mere subdivision of electro- 
magnetism is perhaps without a parallel in the entire history 
of physics. 

It is true that the main results of this Royal Society paper 
are set forth in Chapters VIII and XX of Maxwell’s great 
‘‘Treatise.’’ Nevertheless every teacher of physics will be 
sure to get a thrill, as well as an enlarged and unitary view 
of the entire electric field, by following the original memoir. 
The argument is based upon eight different relations and one 
assumption covering the principal facts of the science; these 
are described by twenty different equations involving twenty 
variable quantities; but the reading is not formidable and the 
reward is ample. 

The assumption which Maxwell makes is that displacement 
currents produce a magnetic field, a supposition which was 
not justified by experiment until twelve year later when, in 
Helmholtz’s laboratory, Rowland actually measured the mag- 
netic field produced by an electrostatic charge when put into 
mechanical motion—a piece of manipulation so difficult that 
most of the experimenters who attempted to repeat it within 
the next twenty years failed to obtain the effect. 

The essence of the entire discussion is resumed in the four 
vector expressions which are now known as Maxwell’s equa- 
tions and which are doubtless more familiar to many of you 
than to me. A. G. Webster used to put the matter in words 
of one syllable as follows: Two relations exist between mag- 
netic and electric inductions and their forces, namely: The 
curl of either force is equal to the time derivative of the 
other induction, and, Either induction is a linear vector func- 
tion of its own force. Phys. Rev., 3, 237 (1895). From these 
equations and from the fact that the divergence of each force 
is zero, Maxwell deduces the reflection, refraction and polar- 
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ization of electric waves. Here, indeed, is the charter of the 
American Institute of Radio Engineers, published to the 
world twenty-four years before any man had learned how 
to produce electric waves in the laboratory. However, since 
physics is an experimental science, it is perhaps only fair to 
say that these equations of Maxwell’s were never thoroughly 
established until the year 1888 when their competency and 
sufficiency was so amply demonstrated by the clever experi- 
ments and penetrating mind of Hertz at Karlsruhe. In this 
connection the teacher of physics has always to remember that 
the two laws of electromagnetism, as ordinarily used, are 
integral in form, and deal only with conduction currents. 
The teacher must also be pardoned for putting the emphasis 
upon those men whose labors have borne fruit. Elihu Thom- 
son and D. E. Hughes doubtless anticipated Hertz in the 
production of electric waves; but no important results fol- 
lowed from their experiments. 

Maxwell’s equations have been derived in various ways 
other than that employed by Maxwell himself, as, for example, 
that of Sir J. J. Thomson, Phil. Mag., 31, 149 (1891); but 
for us teachers of physics, I am inclined to think there is no 
presentation which is at once so illuminating and so clear as 
that given by Hertz, Wied. Ann., 40, 577 (1890), some two 
years after his discovery of electric waves, in that remarkable 
paper entitled ‘‘The Fundamental Equations of Electromag- 
netism.’’ There are two parts to this paper. In the first, 
Hertz throws the equations into a beautifully symmetrical 
form; in the second part, he shows how one can derive from 
them, in succession, each of the separate sciences: electro- 
statics, magnetism, electromagnetism and optics. This paper 
is, indeed, the counterpart and complement of Maxwell’s 
Royal Society paper of 1864. The same symmetrical treat- 
ment will be found in Heaviside’s ‘‘ Electrical Papers’’ (Vol. 
1, p. 429 and Vol. 2, p. 375) in a style which is much more 
diffuse, but which has the advantage, for most students and 
many teachers, of being in English. 

In spite of any symmetrical form which may be given to 
these equations, it is only fair to the student to point out the 
three inherent differences between the electrical and the mag- 
netic situation, which are as follows: 

14 
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(i) No substance exhibits magnetic conductivity ; 
(ii) True magnetism is unknown; i.e., surface integral of 
induction is always zero. 

(iii) Magnetic permeability is, in some substances, less than 
unity; while the dielectric constant is always greater than 
unity. 

So far as concerns radio-communication—the most fashion- 
able, perhaps, of all the sciences at the present moment—it is 
clear, I think, that our indebtedness is mainly to Faraday, 
Maxwell and Hertz for what we know about the production 
and the properties of these waves. 

The Edison Effect.—But the detection of these radiations 
is only second in importance to their production; and there- 
fore we must not forget our obligation to the man who, at 
the electrical exhibition held at Philadelphia in the autumn 
of 1884, exhibited to some of his friends an incandescent lamp, 
into the bulb of which was sealed a second electrode. The 
diminutive current which Mr. Edison obtained by connecting 
this electrode with the positive side of the filament was then, 
and was for some years after, merely an electrical novelty, a 
scientific curio, to nearly every one except Sir William Preece 
who went back to England and immediately began the study 
of it. This is the one phenomenon which is met with on a 
large scale in the modern kenetron. 

The vast importance of this Edison effect was, however, only 
realized seven years after the end of the century when a young 
Yale graduate sealed a third electrode into the incandescent 
lamp and taught us how to control the thermionic current of 
the Edison tube by slightly varying the potential of this third 
electrode, the well known ‘‘grid’’ of de Forest. 

And since I am already outside the limits of our chosen 
century, I cannot resist mentioning an achievement which, in 
a certain sense (that is, so far as the elements of the subject 
are concerned), completes the series; but which is, by no 
means, the last important discovery in radio-communication. 
I refer to the invention of the regenerative circuit, 1913; 
whether first devised by de Forest or by Armstrong or by 
Meissner, I shall not attempt to say. Recent advances in wire- 
less communication, such as the discovery of the Kennelly- 
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Heaviside layer, the introduction of short waves, the di- 

rectivity of receivers and the so-called echos of messages pass- 
ing entirely around the world, command our admiration ; but 
we teachers of physics cannot afford to lose perspective by 
forgetting the pioneers of the nineteenth century who made 
all this possible. 

The Moving Coil Galvanometer.—Among the many clever 
devices connected with the Atlantic cable, there is one for 
which I think every teacher of physics feels especially grateful 
to the inventor. I refer to the siphon-recorder which Lord 
Kelvin patented in 1867 and which is the parent of all other 
forms of the moving coil galvanometer, including the D’Ar- 
sonval pattern which during the eighties drove nearly every 
other current detecting device out of the teaching laboratory. 
Indeed, it has now come to the point where any industrial 
establishment, any motor boat, any air-plane, or any second- 
hand Ford car without a moving coil ammeter would be a 
curiosity. The perfection of design which that modest 
scholar, Mr. Edward Weston, gave this instrument during the 
late eighties and the early nineties is attested by the fact 
that his ammeters and voltmeters of that date are still render- 
ing excellent service. 

Electromagnetic Machinery.—It is well known that the 
electric whirl and other electrostatic devices for producing ro- 
tation are so inefficient that they have only a purely scientific 
interest. The tiny electric motor devised by Faraday im- 
mediately after the discovery of the Oersted effect has also re- 
mained a scientific curiosity. The boat which M. Jacobi drove 
along the Neva at St. Petersburg in the following decade was 
furnished with an electric motor of 34 horsepower; but elec- 
trically driven motor-boats did not become the fashion in the 
thirties. 

(i) The first important advance in the perfection of the 
modern motor—the step which put the motor beyond the toy 
stage—we owe to a young sergeant in the Garibaldian army 
of 1859, Antonio Pacinotti (1841-1912), shortly afterwards 
Professor of Physics in the University of Pisa. In 1860, Pa- 
cinotti constructed a small motor which involved two radically 

important ideas. The first of these features is the ring-wind- 
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ing, subsequently and independently invented by the Belgian 
engineer, Gramme; the other is the iron-toothed armature 
which has the double advantage of reducing the air-gap and 
of furnishing protection of the active wires against mechanical 
drag. Pacinotti first described his machine in the Nuovo 
Cimento for March of 1865; and enunciated at this time the 
general principle that the motor is nothing but the generator 
reversed in function. This paper may be found translated 
into English by 8S. P. Thompson in a memorial volume pub- 
lished at Bergamo in 1912, the year of Pacinotti’s death. 

(ii) The next important contribution is, I think, the dis- 
covery which came, two years later, in 1867 when Dr. Werner 
Siemens and Sir Charles Wheatstone independently and simul. 
taneously hit upon the idea that the field of a dynamo may 
be excited from the residual magnetism retained by the soft 
iron core of its electromagnet. 

(iii) The third advance in motor development appears un- 
der the date of 1875 when H. A. Rowland published in the 
Philosophical Magazine (p. 257) that one of his papers on 
magnetism in which he explicitly sets forth the doctrine of 
the magnetic circuit, a paper whose merits so impressed Clerk 
Maxwell that he shortly afterwards recommended Rowland 
for the newly created’ professorship of physics at Johns Hop- 
kins University. It was this idea of Rowland’s, ably sup- 
ported by R. H. M. Bosanquet and J. Hopkinson in England, 
that dictated the short legs, gentle lines, and small air gap 
for the modern generator. Such helpful names as magneto- 
motive force and reluctance had not yet been adopted; but 
all the ideas were there; and Ohm’s law was fully realized as 
very approximately describing the magnetic circuit as early 
as 1875. 

In the year following, Gramme exhibited two or three of 
his generators at the Centennial Exposition in Philadelphia. 
From this time on, improvements came by the dozen. In 
1884, Lord Rayleigh ventured the prediction, in his Montreal 
address before the British Association, that the future of elec- 
trical power developments lay along the line of alternating 
currents. In 1893, the induction motors exhibited at the 
World’s Fair in Chicago had an efficiency of something like 
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30 percent. Polyphase transmission was just coming to the 
front and at the International Electrical Congress of ’93, it 
was much discussed by such active minds as those of the late 
Louis Bell and the late Silvanus P. Thompson. 

It will perhaps not be far from the truth, therefore, if we 
say that during the second half of the Nineteenth Century a 
small group of pioneers perfected and turned over to us al- 
most as we have them today, the motor, the generator, and 
the transformer. No one will imagine, I trust, that the list 
of men mentioned is by any means complete; nevertheless the 
names of Pacinotti, Siemens and Wheatstone, Rowland and 
Bosanquet are likely always to be associated with the evolution 
of electromagnetic machinery. 

The Telephone.—If one were to decide by popular refer- 
endum what electrical invention of the 19th Century places 
us under the greatest obligation, the telephone would, I sus- 
pect, obtain a plurality of all the votes cast. Here again the 
honors are difficult to allocate. But informed opinion will, I 
believe, pass over the anticipations by Philipp Reis (1834— 
1874) and stop first at the names of Alexander Graham Bell 
(1847-1922) and Elisha Gray (1835-1901). Each of these 
two men realized that intermittent currents are incompetent 
to reproduce human speech. Each of them proceeded to con- 
struct in 1876 an instrument depending upon the fluctuations 
of a continuous current brought about by the rapid fluctua- 
tions of pressure in the atmosphere caused by the human voice. 

The story of Elisha Gray, filing his caveat only two hours 
after the application for patent by Graham Bell, is one of the 
best known of American stories. Joseph Henry and Lord 
Kelvin, within a few months after the invention of the tele- 
phone, pronounced it the most interesting exhibit in the Cen- 
tennial Exposition. A few months later, Maxwell chose ‘‘The 
Telephone’’ as the subject of his Rede lecture. Within a year 
or two, several microphonic transmitters had been devised, 
thanks to Hughes, Berliner, Blake and others. By 1878, ex- 
changes were established in our larger cities. The eagerness, 
indeed, with which the American people seized upon this de- 

vice and put it into service is without precedent. 
The Hall Effect.—The year 1879 is memorable in the his- 
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tory of electrical science as the date when a certain young 
man, still living in this city and still a young man in spite 
of anything the calendar may say, announced his discovery 
that the presence of a magnetic field profoundly modifies the 
distribution of equipotential surfaces in a conductor convey- 
ing an electric current. This well-known Hall Effect has been 
one of the outstanding puzzles of physics for well nigh half a 
century. The magnetic field in some way changes the con- 
ductivity of the metal; and this phenomenon, therefore, falls 
into the same general class with the problem of metallic con- 
duction which, as we saw yesterday, has remained from the 
time of Ohm an unsolved problem, unless we accept the ree- 
ondite explanation, given in terms of statistical mechanics, 
a few months ago by Sommerfeld. What Professor Hall had 
proved was that when a current flows through a metallic con- 
ductor placed in a magnetic field, the mere presence of this 
constant field establishes an e.m.f. which, at any point, is 
parallel to the mechanical force acting on the conductor at 
that point. So far as I am aware no one has yet explained 
why a winding on the armature of a motor moves at right 
angles to both current and field; nor has anyone yet explained 
why the e.m.f. of Hall appears at right angles to both cur- 
rent and field. This discovery of Professor Hall’s was made 
in the first physical laboratory at Johns Hopkins University, 
consisting of the kitchen and two or three other back-rooms 
in what was formerly a private residence at the corner of 
Howard and Little Ross Streets in Baltimore. No other dis- 
closure in this half centry has perhaps given rise to so many 
serious efforts to find an explanation. Professor L. L. Camp- 
bell, in his admirable volume dealing with the Hall and allied 
phenomena, lists no less than 618 papers up to the year 1923. 

At first glance one might consider the Hall effect more of 
a liability than an asset; but the case is quite otherwise; for 
aside from the fact that nothing is more uninteresting than 
a solved problem, these many efforts have not been barren; 
within ten years after the first announcement of the Hall ef- 
fect came three analogous effects; first, that of Nernst in 
which he discovered that, when a current of heat is flowing 
through a plate of bismuth, an e.m.f. is set up between the 
edges of the plate as soon as a magnetic field is put on. 
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A second effect was that discovered simultaneously and in- 
dependently by Righi and Leduc, in 1887, that when a heat 
current is flowing along a plate, a difference of temperature 
between the edges is set by putting on the magnetic field. 

And thirdly there is the Ettinghausen effect announced in 
1887, namely, that when an electric current flows along a 
metal plate, the introduction of a magnetic field suffices to 
establish a difference of temperature between the edges of the 
plate. 

Besides these four beautifully symmetrical effects, there 
is the Corbino effect of our present century (1912) which, 
however, may be only a special case of the Hall effect in ra- 
dial currents. In any event, here are four challenges which 
we inherit from the nineteenth century; they have been ac- 
cepted without hesitation. The problem is difficult beyond 
compare. The laws of the phenomena are full of anomalies, 
so-called. The final reply to the challenge must be nothing 
less than a complete theory of electric and thermal conduction ; 
of which at present only a beginning has been made in the 
ease of gases. 

The Discrete Nature of Electricity—In these days, when 
all physical views are expressed in terms of electrons, one must 
either have a well trained imagination or must have many 
years to his credit in order to understand the hesitation which 
the physicists of the Victorian period exhibited in accepting 
the idea that electricity is discrete in nature. 

As far back as 1833, Faraday * expresses himself by saying 
that ‘‘if we adopt the atomic theory or phaseology then the 
atoms of bodies which are equivalent to each other in their 
ordinary chemical action have equal quantities of electricity 
naturally associated with them.”’ 

‘*But I must confess,’’ he adds, ‘‘I am jealous of the atom; 
for though it is very easy to talk of atoms, it is very difficult 
to form a clear idea of their nature, especially when com- 
pound bodies are under consideration.’’ 

Forty years later, Maxwell,t in discussing the same phe- 
nomena of electrolysis says; ‘‘But if we go on, and assume 


* Faraday, ‘‘ Experimental Researches,’’ § 869. 
+ Maxwell, ‘‘ Treatise,’’ § 259. 
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that the molecules of the ions within the electrolyte are ac- 
tually charged with certain definite quantities of electricity, 
positive and negative, so that the electrolytic current is simply 
a current of convection, we find that this tempting hypothesis 
leads us into very difficult ground.”’ 

Another ten years and Helmholtz * tells an audience at the 
Royal Institution in London that ‘‘The most startling result 
of Faraday’s Law is perhaps this; if we accept the hypothesir 
that the elementary substances are composed of atoms, we 
cannot avoid concluding that electricity also, positive as well 
as negative, is divided into definite elementary portions which 
behave like atoms of electricity.’’ 

Another ten years, approximately, and G. Johnstone 
Stoney ¢ has computed the numerical value of this smallest 
possible electric charge and has proposed for it the name 
electron. 

As early as 1879, Crookes had shown how a pencil of cath- 
ode rays might be produced and deflected by a magnet; and 
he firmly maintained the view that these rays consist of nega- 
tively charged particles. For sheer lack of time we omit all 
mention of important results obtained by Hittorf, Goldstein, 
Schuster, and others. 

But it was not until 1894 that Sir J. J. Thomson, Phil. Mag., 
38, 358 (1894), took up the serious study of electric discharge 
in gases. Even at the close of his Princeton Lectures in 1896, 
he felt warranted in supporting ‘‘the view that in the cor- 
puscles in the cathode rays we have matter in a finer state of 
subdivision than the ordinary atom’’ and spoke of ordinary 
elements as ‘‘made up of corpuscles and holes, the holes being 
predominant’’; but the beautifully devised quantitative ex- 
periments by which Thomson established the existence of the 
electron, measured its mass and discovered many of its other 
properties are set forth in three remarkable papers appearing 
in the Philosophical Magazine for the years 1897, 1898 and 
1899. This subdivision of the atom, announced to the British 
Association in 1899, brought with it a host of new conceptions, 
both chemical and physical; gave us new suggestions concern- 


* Helmholtz, Nature, (1881). 
+t G. J. Stoney, Phil. Mag., 38, 418 (1894). 







































re ac- 
ricity, 
‘imply 
thesis 


at the 
result 
ythesir 
1s, We 
s well 
which 


stone 
iallest 
name 


cath- 
; and 
nega- 
it all 
stein, 


Mag., 
harge 
1896, 
2 cor- 
ate of 
inary 
being 
e@ ex- 
f the 
other 
aring 
} and 
ritish 
tions, 
cern- 





OF THE NINETEENTH CENTURY 219 


ing the structure of matter, a new approach to the problem of 
electric and thermal conduction, and what is a priceless pos- 
session for any of us students, a unitary view of the whole 
subject. Let us then consider the electron theory of matter 
as the last great debt which we owe to the electricians of the 
nineteenth century. But how dare I take my seat without 
mentioning that exquisite contribution of Pupin’s—the loaded 
cable—which came right at the end of the century? Or its 
natural sequel, that beautifully responsive substance, perm- 
alloy ? 

Students of politics know only too well that traditions are 
necessary to maintain the continuity of a government. If 
you have any doubt about this, read again the latest Demo- 
eratic platform and observe how they ‘‘believe with Jefferson,’’ 
‘‘reaffirm with Jackson,’’ ‘‘agree with Cleveland’’ and ‘‘pay 
tribute to Wilson.’’ Science and engineering today occupy 
the same house; and this building rests upon a foundation 
which we have inherited from the past. This foundation cor- 
responds to the traditions of politics; it is ‘‘the living past”’ 
to use F. S. Marvin’s phrase or ‘‘the past at our doors,’’ as 
Skeat calls it. 

On the other hand, no duty of the teacher is more im- 
perative than to give the student a realizing sense of the in- 
completeness of the foundation of electrical science, and to 
put him in touch with as many unsolved problems as possible, 
and above all to teach him that there is no such thing as 
finality in science, and that no discussion of any topic in 
physics is ever complete. 

From Volta to J. J. Thomson there is nothing concerning 
which the last word has been said. Much remains to be done. 
Let us not forget then that all ledgers have a credit as well 
as a debit side. What we have inherited from the ages is a 
measure of the service demanded of us. 








REPORT ON TECHNICAL NOMENCLATURE. 


Many of the members of the Society for the Promotion of q 
Engineering Education will be interested in the work of the 7 
American Engineering Standards Committee in the standard- | 
ization of scientific and engineering symbols and abbrevia- 7 
tions. ENamNEERING Epucation for May, 1926, showed on | 
pages 630-631 the plan of organization through which this 
standardization was to be effected. The sponsors are five | 
American national societies, one of which is the Society for 7 
the Promotion of Engineering Education. The general re-% 
lationship of the Society for the Promotion of Engineering | 
Education to the whole scheme is shown on an organization 
chart on page 631 of the issue of ENGINEERING EpucatTion for 4 
May, 1926. 7 

According to this scheme the field was divided into seven | 
parts, each under a chairman of a subcommittee. A number | 
of tentative reports have been published, and a few final re- 7 
ports. ENamNngERING EpucaTion for June, 1927, pages 919-~ 
924 inclusive, shows one of the reports. Pages 758-765 in- 4 
clusive of the issue for May, 1927, contain brief statements of § 
progress. Other reports have been published in various en- 
gineering journals, and it is possible that all of the reports © 
will be coordinated and published before the end of the cur- 7 
rent year. q 

One of the subcommittees, that on Mechanics, Structural | 
Engineering and Testing Materials, has collected informatior j 
from various sources and has compiled it in the following . 
form. The concepts for which symbols are desired are shown | 
on the left of each column and the symbols for these concepts 
suggested by various authors, societies, and professors are | 
shown in the vertical columns. For instance, column 4 shows | 
the symbols submitted for the various concepts by C. A. | 
Norman, of Ohio State University. The symbols have been q 
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compiled just as received, there being 55 sources of informa- 
tion charted on this table. The extreme right-hand column 
shows the symbols upon which there appears to be reasonable 
agreement. Where no symbol is shown, no general agreement 
exists. 

The table is interesting as indicating a practical agreement 
upon many of the commoner symbols in mechanics, structural 
engineering, and testing of materials. The column at the 
right, marked Consensus of Opinion, which indicates the 
extent to which agreement occurs among these 55 sources, is 
merely a step in the process, and is not a recommended list of 
symbols. "efore a recommended list can be obtained by the 
subcommittee of the American Engineering Standards Com- 
mittee, these symbols will have to be compared with the sym- 
bols which have been selected tentatively or finally by the 
other subcommittees. For instance, some of the committee 
members have insisted that no symbol for load or weight is 
required, since a symbol for force is available, and that it 
will be necessary for engineers who have become accustomed 
to believing that the letter P is the proper symbol for load to 
give way and adopt F,, the symbol for force, in order that P 
may be available for another concept. There seems also to be 
a fundamental objection to the use of the symbol suggested 
for horsepower, it being maintained by some that the use of a 
combination of two letters for a symbol leads to confusion and 
is liable to lead to serious error. 

The information in the table is submitted for the benefit of 
those who are interested in symbols for mechanics, structural 
engineering, and testing of materials. It is hoped that those 
who feel inspired to offer any criticism or suggestions now, 


| while the report of this subcommittee remains still to be made, 


will send these criticisms and suggestions promptly to the Sec- 
retary of the Society for the Promotion of Engineering Edu- 
cation, who will forward them to the subcommittee having 
this matter in charge. 

So far as the writer knows, the various reports being pre- 
pared under the auspices of the American Engineering Stand- 
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ards Committee upon engineering symbols and abbreviations 
represent the most comprehensive and best coordinated effort 
made in this country up to this time. 

Joun T. Faia, Chairman, 


Committee No. 20. 
June, 1928. 























JOINT SESSION OF 8. P. E. E. AND A. 8. M. E. 


Dean D. S. Kimpatu, President, 
Society for the Promotion of Engineering Education, 
Cornell University, Ithaca, New York. 


My dear Dean Kimball: 

On behalf of our Council, it gives me special pleasure to 
invite the Society for the Promotion of Engineering Educa- 
tion to sponsor jointly with our Committee on Education and 
Training for the Industries, the session on Education and 
Training to be held Tuesday afternoon, December 4, during 
our Annual Meeting that week. 

There will be many social events during the meeting, in all 
of which your officers and members are most cordially asked 
to participate. 

Sincerely yours, 
(Signed) Canvin W. Ricz, Secretary, 
American Society of Mechanical Engineers. 
October 18, 1928. 


The entire session on Education and Training scheduled 
for Tuesday afternoon, December 4, at 2:00 p.m., in the En- 
gineering Societies’ Building, 33 West 39th Street, New York, 
will be devoted to the S. P. E. E. study of non-college technical 
education. 

Robert H. Spahr of the S. P. E. E. staff will present a paper 
entitled, ‘‘Preliminary Findings of a Study of Intensive 
Types of Technical Education.’’ This paper will be discussed 
by members of the cooperating societies and invited guests. 
It is hoped that many members of the S. P. E. E. will attend. 











tution. 


2. It is suggested that the following individuals (with the 
addition of two others as stated in paragraph 3 below) be ap- 
pointed to serve as an executive committee of the Division 
until the annual meeting of 1929: 


W.N. St. Peter (Chairman), 


W. R. Wricut, 


year are as follows: 


(a) The enlisting of the interest of as many teachers of 


PHYSICS DIVISION.* 


1. The undersigned menibers of the Society for the Pro- 
motion of Engineering Education request the Council to au- 
thorize the formation of a Physics Division of the Society in 
accordance with the provisions of Article VII of the Consti- 


A. W. Durr, 
W. S. FRANELIN, 
O. M. Stewart. 

3. It is further suggested that the above named committee 
recommend the appointment of two additional members to 
serve until the annual meeting of 1929. 

4. The activities of the Division proposed for the ensuing 








Physies as possible in the work of the Society and in the ac- 


tivities of the Physics Division. 


(b) The arranging of a session on Physics in connection 
with the annual meeting of the Society in 1929. 

(c) The arranging of other activities in connection with 
the teaching of Physics as may be deemed desirable by the 
proposed executive committee of the Division. 


(signed) A. W. Durr, 
W. N. St. Peter, 
W. L. SEvVERINGHAUS, 
W. R. Wriceat, 
Wm. S. FRANELIN, 
C. L. BrieHTMAN, 
B. M. Stewakrt, 
W. O. Hat, 
J. C. Gray, 
Parke B. FRarm, 


* The Council, by letter ballot, has 


Physics Division. 
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T. F. Garner, 
W. F. Brown, JR., 


L 

H. P..HamMonp, 
W. E. WIcKENDEN, 
N. E. WHEELER, 

J. O. Hammuton, 
F. F. Prrer, 

Percy Hopae. 


approved the formation of 4 




















COLLEGE NOTES. 


University of Kansas—New Appointments: Ralph D. 
Baker, Instructor in Mechanical Engineering; Millard F. 
Doweli, Assistant Instructor Electrical Engineering; E. D. 
Hay, Professor of Mechanical and Industrial Engineering; 
Jacob O. Jones, Professor of Hydraulics; R. W. Kehr, In- 
structor Civil Engineering and Assistant Engr. State Bd. of 
Health; John A. King, Associate Professor of Mechanical En- 
gineering ; Walter McElfresh, Instructor in Applied Mechan- 
ies; Verner F. Smith, Instructor in Architecture; Robert W. 
Warner, Assistant Professor of Electrical Engineering. 

Promotions to Heads of Departments: J. M. Kellog, Acting 
Head of Dept. of Architecture; F. Ellis Johnson, Head of 
Dept. of Electrical Engineering. 

As a beginning of work in aeronautics, the department of 
Mechanical Engineering is offering two new courses to be 
known as Aeroneutical Engineering I and Aeronautical En- 
gineering II each carrying three hours credit. 

Pratt Institute——School of Science and Technology: Two 
new members were added to the faculty of the school of Sci- 
ence and Technology for the present school year and took 
up their duties at the beginning of the fall term in September. 

Dr. Andrew C. Rice, a graduate of the University of New 
Hampshire, class 1923, has been added to the department of 
Chemical Engineering. Dr. Rice held a graduate assistant- 
ship at the University from 1923-1925, during which time 
he worked for his M.S. degree. Following this he entered 
Columbia University and secured his Doctor’s degree in 1928. 

Mr. Hugh S. Cameron, a graduate of Stevens Institute of 
Technology, assumes his duties in the department of Mechan- 
ical Engineering. After graduation in 1925 Mr. Cameron was 
made assistant test engineer with the Brooklyn Union Gas 
Company. During this time he held an instructorship of 
Mathematics in the evening school of the Brooklyn Polytech- 
nic Institute. 
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226 COLLEGE NOTES. 


As the present school term opens work is well under way 
on the new Engineering Building which is to be devoted to 
the departments of Mechanical and Electrical Engineering. 
This will bring the School of Science and Technology impor- 
tant betterment of its facilities for its particular type of en- 
gineering education. 


REQUEST FOR INVENTIONS OF OCTAVE CHANUTE. 


Your name has been suggested to us as a possible aid in 
establishing the division of transportation and communication 
in the Rosenwald Industrial Museum. We have been trying 
for some time to locate some of the original models of the 
gliders made by Octave Chanute. 

It is just possible that you might have some information 
about Chanute and his work or about any relics of his inven- 
tions that would be invaluable to us. May, we, therefore ask 
the aid of your good offices in this matter? 

WaLpEMAR KaEmprrert, Director, 
Rosenwald Industrial Museum, 
300 West Adams Street, Chicago. 



























BOOK REVIEWS. 


Industrial Engineering and Factory Management. ArtTHuR 
G. AnpERSON, Associate Professor of Business Organization 
and Operation, College of Commerce, University of Illinois. 
1928. xiv -+ 623 pages. The Ronald Press Company, New 
York. $5.00. 

As stated in the preface, this text is primarily ‘‘for students 
of management and industrial engineering, designed to pre- 
cede specialized training in any particular management field.’’ 
The author is an engineer and has drawn much of his material 
from the engineering viewpoint. 

The approach to the subject is first through a review of 
American industry and its problems. This is very logically 
followed by a study of the manufacturing plant itself. Many 
factors ordinarily overlooked or treated in a fashion far re- 
moved from engineering procedure are here very adequately 
covered. Such factors include factory lighting, heating and 
ventilation, shop transportation and power. Such topics as 
budgeting, purchasing, tool and stores control, production 
control are discussed and related to the whole subject of 
factory management. 

The newly graduated industrial engineer frequently enters 
industry through the shop. To understand properly most 
shop processes requires a knowledge of certain fundamentals 
of mathematics, science and engineering application. It 
would seem, therefore, that the section on operation studies, 
viewed as it must be against an engineering background, could 
be enlarged and amplified. This would, of course, detract 
somewhat from the usefulness of the text for students other 
than those with the engineering training. On the other hand 
it would render the text far more useful to industrial execu- 
tives, as well as to those engaged in industrial engineering 
education. 

The text is well illustrated. Charts and graphs help to 
clarify the subject matter. Excellent review questions and 
some case material follow each chapter. 

J. W. H. 
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228 BOOK REVIEWS. 


The Elements of Industrial Engineering. GrorceE Huau 
SueEparD, Professor of Industrial Engineering and Manage- 
ment, Purdue University. 1928. xii-+ 541 pages. Ginn 
and Company, Boston, Mass. $4.80. 

Professor Shepard has built his text around thirteen so- 
called ‘‘Principles of Management.’’ Three of these are 
classed as primary and nine as secondary, while one, called 
‘all inclusive’’ is termed ‘‘Higher Common Sense.’’ This is | 
a radical departure from ordinary methods of attack in such 
a subject, but the author’s statements are backed with suff- © 
cient quotations and illustrations to support each of the so- 7 
called ‘‘principles.’’ Their acceptance as all-inclusive ‘‘prin- 7 
ciples of management’’ is doubtful, but they serve as an ex- | 
cellent approach to the subject. 

One very noticeable value of this book lies in the fact that 
the approach to each topic is through the eyes of the under- 
graduate student. The explanation of certain points ordi- © 
narily passed over by an author with a brief statement is here ~ 
set forth in clear, logical A-B-C language that cannot fail © 
to impress and instruct the reader. 4 

As indicated by its title, the text serves as an excellent in- © 
troduction to a study of the functions ordinarily held to be © 
the province of the Industrial-Engineer. To educate prop- © 
erly the undergraduate student, many of the topics covered | 
will have to be pursued more intensively but the text points | 
out the inter-relation of the topics covered. In short the book ~ 
is the kind of text for which those interested in the education 
of undergraduates in industrial engineering have long felt 
a need. 

Excellent case material is contained in problems and exer- 


cises at the close of most of the chapters. 
J. W. H. 





